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Why NICKEL Alloy Steels Are Specified 
for Giant Generator Shafts 


Alloy steel containing two and a half percent Nickel along with small 
percentages of other alloying elements give the heavy sections of this 
turbine rotor shaft the strength, toughness and endurance so vital to 
dependable performance. A yield strength of 80,000 p.s.i. combined 
with reduction of area consistently exceeding 36% in both radial and 
transverse directions was achieved in this heavy section. 
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HEADED FOR THE LARGEST TURBO-GENERATOR 
OF ITS TYPE IN THE WORLD 


This 75,000 pound Nickel alloy steel rotor shaft will 





serve in a new record size turbine generator rated at 





rawr 99 C£ = ¢ . : - useful 
LOO,000 KW 9 teet long, l teet w ide and designed for Over the years, International Nickel has accumulated a f ies - 
: ae , oe . ’ ‘ information on the selection, fabrication, treatment and p* yore 
inlet conditions of 1250 p.S.1. and 1000 F. engineering steels, stainless steels, cast irons, brasses, bron ¢ ake 


alloys containing Nickel. This information and data are ) 
asking. Write for ‘List A’’ of available publications. 


THE INTERNATIONAL NICKEL COMPANY, INC. S1%iice 
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FRONT COVER 


Two pieces of two-inch 
steel rod are being welded 
in a pressure-welding ma- 
chine. Being heated by an 
oxyacetylene flame, the 
abutting pieces will upset 
under an opposed axial 
force at the subfusion tem- 
perature, and then weld to- 
gether. Kodachrome cour- 
tesy of the Linde Air 
Products Company. 





The Technical Society 


Have you seriously considered the value of active member- 
ship in a good technical society? On page 81, William M. 
Sheehan emphasizes the many benefits that accrue to the engineer 
who uses society work as an aid to professional growth. 


Cam Design and Analysis 


Large Diesel engines, printing presses and machine tools illus- 
trate some uses of high speed cams. Considerable interest has 
been expressed by the readers of Propuct ENGINEERING in the 
cam articles that have appeared during recent months. Begin- 
ning on page 84 another cam article, by Milton A. Sanders, 
consulting engineer, establishes the basic principles underlying 
cam motion and explains the application of advanced methods 
of designing cams for high speeds and torques. 


Useful Transformer Connections 


To adapt standard industrial machinery to practically any 
of the existing electric service voltages in industrial p 
designers often use dry-type transformers of 600 volts and less. 
On page 103, H. K. Pritchard, Specialty Transformer Div., 
General Electric Company, discusses different ways of con- 
necting dry-type, two-winding and single-winding transform- 
ers commonly used for powering industrial machinery. 


. _ 
Internal Friction Brake Shoes 
Engineers who design brakes will be interested in this 
review of internal shoe brakes and clutches. On page 133, 


A. C. Rasmussen, Consulting Engineer, gives a comprehensive 
treatment of the fundamentals of internal shoe brake design. 


Glass-Plastic Laminates 


First developed as body armor during the war, glass fiber 
low pressure resin laminates are proving to be high-strength 
structural materials. Although the cost of raw materials is 





Recent Developments in Plastics and Rubber. A 32-page 


special report evaluating postwar developments in new 
materials, new production techniques, and new fields of 
application. Subjects covered include polytetrafluoroethy- 


lene, modified styrenes, plastics-rubber combinations, sili- 
cones, pulp molding, molded nylon, expanded plastics, 
honeycomb and sandwich constructions, low pressure mold- 


ing, and thermoplastic laminates 


IN THIS ISSUE 


APRIL HIG 





somewhat higher than conventional materials, low cost of low 
pressure methods of laminating tends to offset this. On page 
160, properties of glass fibers and cloths and glass-plastics 
laminates are discussed and applications are presented. 


Pressure Welding 


\ new welding method, important in engineering design, is 
oxyacetylene pressure welding. Beginning on page 117, R. A. 
Kubli, Development Engineer of Linde Air Products Com- 
pany, describes the process and its advantages, including prac- 
tical design information needed to put this method into use. 


Electroplates for Steel 


The basic reason for electroplating is economy. Where low 
cost considerations prevent the use of corrosion resisting alloys, 
plated steel is the obvious answer. On page 139, P. W. Prouty, 
Westinghouse Electric Corporation, discusses selection, appli- 
cation an limitations of different types of coatings for ferrous 
construction materials. 


Practical Design Considerations 


Mechanical designing commonly is taken for granted as a 
routine procedure, with litthe appreciation of the technical 
background atid often great expenditure of mental and physi- 
cal energy represented in even a simple product. Beginning 
on page 156, Lincoln K. Davis, Consulting Engineer, discusses 
some practical design considerations. 


Surface Preparation for Durable Finishes 


Where metal surfaces must be painted, preparation is an 
all important factor. On page 153, R. A. Gwyther, Technical 
Service Dept., Sherwin-Williams Company, discusses tech- 
niques of coating, rinsing, and cleaning for improved paint 
adherence. Chemical solvents for soil and scale removal are 
recommended. 


Projection Welds 


When high production of multiple welds is a factor, projec- 
tion welding instead of spot welding is sometimes considered. 
One page 124, Mario Ochieano, Production Methods Engi- 
neer, Lockheed Aircraft Corporation, discusses proper appli 
cation and design details of projection welding of low carbon 
and stainless steel sheet. 


Applying Precision Switches 


Precision snap-acting switches are increasingly used in auto- 
matic and semi-automatic machinery, especially where only a 
small actuating force is available or where accurate repeat- 
ability of a present operating cycle is essential. On page 112 
A. L. Riche, Vice President, Micro Switch, discusses program 
control of automatic laundry washer, automatic work cycle 
control for machine tools, sequence timing of plastic molding 
press, and automatic inspection. 


HLIGHTS 





Single-Phase Integral Hp. Motors, by M. E. Cutten, Genera 
Electric Company. How to select and apply capacitor: 
repulsion-start, repulsion-induction and other types of singl 
phase motors in the 1 to 10 hp. range. 


Ball and Roller Bearing Seals, by E. P. Stahl of The Gar 
lock Packing Company, Types of oil and grease seals to! 
excluding dirt and grit from ball and roller bearings. 
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Offered By 












A committee of the Ameri- 
can Society for Testing Mate- 
rials discusses problems that 
arise in steel forging work. 


Victor S. Rykwalder receives 
the Charles T. Main Award 
from E. W. O'Brien, presi- 
dent of the American Society 
of Mechanical Engineers, for 
an outstanding student paper. 


TECHNICAL SOCIETIES 


WILLIAM M. SHEEHAN, 


Fellow, A.S.M.E. 


Chairman, Committee on Membership Development, A.S.M.E. 
Vice President, General Steel Castings Corporation 


TO BE successful in an engineering 
career requires not only a firm grasp 
of engineering fundamentals, but also 
professional contacts, the ability to 
present ideas convincingly and a broad 
knowledge of professional activities 
and progress. No man, be he a recent 
college graduate or an engineer with 
years of experience, can ever hope to 
be fully successful unless he possesses 
these essential ingredients. Some of 
these attributes may be gained from 
formal education or home study, 
others through industrial practice, but 
the best post-graduate education can 
be had in a good technical society. 


Engineering fundamentals are 
taught in the technical schools and 
can be learned by home study. They 
are the foundation stones upon which 
engineers must build. In themselves, 
however, they have little or no value. 
Nor have formulas ever created a suc- 
cessful design. It is only through the 
intelligent use and interpretation of es- 
tablished relationships, expressed in 
words as principles or mathematically 
by formulas, that the engineer creates 
his design, solves his production prob- 
lems, or manages undertakings suc- 
cessfully. One means by which the 
engineer builds upon the fundamentals 
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that he has learned is through his per- 
sonal practical experiences. 

Any engineer who confines his pro- 
fessional training to the hard, tough 
road of personal experience to enable 
him to use engineering fundamentals 
successfully, finds his progress slow 
and only too often digs himself into 
a narrow rut. But if he steadily seeks 
to benefit also from the efforts of 
others, to observe, compare, and ex- 
engineering experiences, he 
will grow rapidly in ability and in 
value to his employers. Second only 
to one’s own personal experiences, in- 
timate knowledge of the engineering 


change 


81] 











work of others yields the most valu- 
able information. The amount obtain- 
able is unlimited. It is to be had for 
less than the asking. 

It is true that technical articles in 
magazines present the results of the 
trials of others. But articles are in- 
animate things and one cannot ask 
questions, discuss, or be infused with 
the other fellow’s enthusiasm unless 
the author is present. Contrariwise, 
the engineer who attends technical 
meetings at which papers are presented 
relating the experiences and opinions 
of individuals in other companies, has 
the opportunity not only to ask ques- 
tions at the meeting, but also to dis- 
cuss the subject informally with the 
author of the paper and to listen and 
evaluate the pro and con arguments 
that develop. Such technical meetings 
are usually open to all engineers 
whether or not they be members of 
the society. Most of the societies ad- 
mit guest members, sometimes free, 
and sometimes upon payment of a 
nominal registration fee. So it is not 
necessary to belong to an engineering 


society to gain at least some of the ben- 
efits available through attendance of 
technical sessions. But at the best, the 
guest member at technical sessions 
misses the larger benefits to be gained 
from the society. 

Active members of an engineering 
society have many more opportunities 
to meet each other and discuss mutual 
engineering problems than do non- 
members. This is only natural because 
mutual membership in an engineering 
society is frequently the basis of an 
association that may extend over many 
years, usually resulting in friendships. 
Merely the fact that both men belong 
to the same technical association gives 
them a common basis upon which to 
build acquaintanceship. 

Because membership in an engineer- 
ing society presents so many oppor- 
tunities for professional contacts, 
membership becomes a powerful me- 
dium that often contributes to the 
solution of one’s own engineering 
problems. The engineer who has many 
professional friends, most of them cul- 
tivated through society membership, 





SOME ENGINEERING ORGANIZATIONS 
IN THE UNITED STATES 





Date 
Organized 


Name 


No. of 
Members 








1848 Boston Society of Civil Engineers... eater 695 
1852 POUNOEIER TAGGIN GE ITE TOOLS oo oid iso cieicic sc eecenseces cose cewsinn 21475 
1857 Pombericam Taettttile GF ASGROCte. 25. 5 icc ccs csc cscweces 3100 
1869 Western Society of FEingineers.... oo... .ccccccwcccsccscece 1362 
1871 American Institute of Mining and Metallurgical Engineers 13427 
1876 American Chemical Society ................... 42600 
1880 The American Society of Mechanic ‘al Engineers. 21063 
1881 American Water Works Association...................00e- 6068 
1884 American Institute of Electrical Engineers 25829 
1888 American Mathematical Society .. ae Oe Minar auaeaesVcayeis 6% 2314 
1891 American Railway Bridge and Buildi: g Aseuciation.......<...+s aoe 547 
1893 Society for the Promotion of Engineering Education (Recently. 1946, changed 

to American Society for E ngineering Maucation).....<... 4111 
1893 Society of Naval Architects and Marine Engineers....... 4317 
1894 American Society of Heating and Ventilating Engineers 4916 
1894 American Public Works Association.......... 1287 
1896 American Foundrymen’s Association................... ret erst er , 8900 
1898 American Society for Testing Materials.... ‘ i ee a teaches 5798 
1899 American Railway Engineering Association............ 2267 
1899 oe ee 3800 
1904 Society of Automotive Engineers............. 000 c cece cece eee ceeeceeees 14714 
1904 American Society of Refrigerating Engineers... .. oi ee, ee ae 4500 
1906 Illuminating Engineering Society............. ; BH ercgenke eet 4947 
1907 American Society of Agricultural Engineers................. area 1557 
1908 American Institute of Chemical Engineers...... iotaadeeren ce eee 6300 
1910 American Institute of Consulting Engineers....... ie arate avanti ra : : 131 
1912 Taylor Society 

(In 1936 became a part of the Society for the Advancement of Management) 
1912 The Institute of Radio Engineers............ 18000 
1913 American Management Association ........ 10000 
1915 American Association of Engineers....... 5030 
1917 Society of Industrial Engineers 

(In 1936 became a part of the Society for the Advancement of Mavagement) 
1919 American Welding Society ............ Pdiba ede 7808 
1920 Minericke Society far Meiale.eccciecccccccccccwcccsccscccceesees 19628 
1921 American Society of Safety Engineers. : ia ee araC rae 5300 
1932 American Society of Tool Engineers.... . aoa dare ; 18287 
1932 Institute of Aeronautical Sciences, Inc.... ; ee 6483 
1934 National Society of Professional Engineers. seh SR eee . . 13000 
1934 American Society of Photogrammetry.......... ee . : 1100 
1936 Society for the Advancement of Management ee et Dee pharma ara 5023 
1938 Institute of Ceramic Engineers.......... DE eR ee Pe ee 389 
1942 Society for Experimental Stress Analysis.........--... ccc cccccccccccccee 1100 
82 





has little trouble in getting help in 
the solution of some knotty problem 
of a general nature. Quite often he can 
simply pick up the telephone and get 
in touch with a fellow engineer who 
he knows has faced a similar problem. 
To be able to do this requires more 
than a casual acquaintance, such as 
might be developed through infre 
quent contacts. One can best seek help 
from those with whom one is in the 
habit of discussing mutual problems. 
Society friendships offer all engineers 
a peculiarly easy way of cutting across 
age, position, and company lines to get 
engineering assistance and advice. 
Technical problems are discussed in 
the various committee meetings of en- 
gineering societies. Such committees 
deal with problems of standardization 
and overall engineering problems. 
Members for the various committees 
are selected from among the society 
membership on the basis of 
nical professional standing 
and exhibited willingness to serve on 
such bodies. This last is determined 
largely by the degree to which the 
individual participates in general soci- 
ety activities. Obviously a member 
who confines himself merely to at- 
tending technical sessions and who is 
never articulate in expressing opin- 
ions or asking questions is not likely 
be considered for membership on 
a committee. But a society 
who exhibits the desire to be active 
and to help in various possible ways 
has a good opportunity of getting into 
committee work. 
emphasize the value of competent and 
relevant participation in discussion at 
committee meetings. Here one gets 
a first-hand view of overall industry 
and special difficulties, the 
cases, possibility of complications, the 
penalty of non-standardization and 
other problems are freely discussed. 
In all professional society activi- 
ties, the member has every oppor- 
tunity to develop his ability to present 
thoughts and ideas. This is extremely 
important. A great deal of engineering 
talent has never been exercised be- 
cause the possessor never could get 
ideas from his head into somebody 
else’s. The mere fact that engineers 
are so frequently accused of being in- 
articulate indicates that the engineer 
who has the ability to express himself 
tersely and forcefully will be con- 
sidered as above average for this 
reason alone. He will have overcome 
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the handicap most commonly attrib- 
uted to engineers. In fact, a proven 
ability to put across ideas in speech 
and writing is such a distinct asset 
that it is almost bound to bear fruit. 

Here again, the professional society 
offers many opportunities. A mere five 
minute discussion of a paper that was 
just presented gives the individual 
excellent practice in public speaking. 
He develops the confidence to talk 
to an audience; he overcomes the 
groundless fear of ridicule. But point- 
less discussion and trivial questions 
should not be indulged in for mere 
personal exhibition. Even more val 
uable than discussing a paper are 
the experiences gained in presentin: 
a paper before a technical society, 
either at a national meeting or a loca! 
meeting. It is a challenge to write a 
clear, concise and logical expression 
of one’s thoughts and then present 
them well. The paper need not be 
profound nor must it deal with a new. 
discovery. Some of the most interest- 
ing and valuable technical papers are 
those dealing with relatively homely 
observations. The manner in which 
a problem in speed ratios is solved 
might make a more stimulating paper 
than one dealing with the latest 
scientific discovery or a complicated 
problem in applied mechanics. A 
simple, down-to-earth paper usually 
pulls the greatest attendance. 

Every man, regardless of his busi- 
ness or professional activities, is largely 
judged by the breadth of his know]l- 
edge. The national engineering soci- 
eties have numerous divisions, each 
devoted to a particular sphere of the 
field of that society. The members of 
those societies are generally men of 
wide experience, possessing a large 
fund of general knowledge. Associa- 
tion with them makes it almost in- 
evitable that the individual will have 
his viewpoints broadened and that he 
will gain a far better understanding 
of not only technical engineering prob- 
lems, but also human relations and 
social problems. The resulting broad- 
ening of viewpoints will be quickly 
reflected in the individual’s conversa- 
tion and expressions of opinion. 

Every professional engineer seeks 
as his goal a high professional stand- 
ing, an opportunity to be happy in 
his professional work, a record of solid 
engineering accomplishments and an 
appreciation by others of these achieve- 
ments. These objectives have little 
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At the annual meeting of the Society of Automotive Engineers, Ralph Skinner 
presented his paper on the design of a slide valve engine. Engineers of all ages 


crowded about to learn how he solved the compression sealing problem. 





ADDRESSES OF SOME SOCIETIES ESPECIALLY APPROPRIATE 
FOR DESIGN ENGINEERS. 


American Society of Mechanical Engineers 
29 West 39th Street, New York City 
Society of Automotive Engineers 
29 West 39th Street, New York City 
American Society for Testing Materials 
260 South Broad Street, Philadelphia, Pa 
Society for Experimental Stress Analysis 
Central Square Station, P.O. Box 168 
Cambridge 39, Mass, 
American Gear Manufacturers Association 
301-303 Empire Building, Pittsburgh 22, Pa 
Society of Plastics Engineers 
Theatre Building, Birmingham, Mich. 
American Institute of Electrical Engineers 
29 West 39th Street, New York City 


American Welding Society 

29 West 39th Street, New York City 
Society of the Plastics Industry 

295 Madison Avenue, New York City 
American Foundrymen’s Association 

222 West Adams Street, Chicago, Il 
Instrument Society of America 

1117 Wolfendale Street, Pittsburgh 12, 
Institute of Radio Engineers 

330 West 42nd Street, New York City 
Society of Naval Architects and 

Engineers 
29 West 39th Street, New York City 


American Society for Engineering Education 
University of Pittsburgh, Pittsburgh 13, P: 





chance of being gained unless the in- 
dividual actively participates in the 
affairs of his profession. Unless he 
acquires an intimate understanding of 
the problems involved, unless he keeps 
himself abreast of the progress in his 
professional field, unless he can com- 
mand the attention of an audience 
and get his ideas accepted, unless his 
fellow engineers hold him in high 
regard, he will find little satisfaction, 
success or happiness in his career. 
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‘The engineer, young or old, can 
achieve these ends by membership in 
his technical society. But just passive 
membership is not enough. It must 
be an active membership, conducted 
with zest and enthusiasm. It must 
encompass a lively, determined effort 
to contribute to the meetings, to the 
art, to one’s fellows, to one’s own pro- 
fessional stature. Then the profes- 
sional society membership will reward 
him many-fold. 
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Cam Design and Analysis 






For High Speeds and Torques 


MILTON A. SANDERS 


Consulting Engineer 


Simple mathematical relations are established to define the motions commonly charac- 


terized by logarithmic, straight line, simple harmonic and parabolic motions. 


Sample 


calculations illustrate how any cam can be designed for accuracy of milling to the re- 
quired contour. A method of analyzing cube-base and tangential-base cams is outlined. 


THE 


tact mechanism. 


DISK CAM is a direct con- 
As such, its study 
requires a knowledge of the nature 
of contact between the cam contour 
and the follower. The sharp edge 
follower presents no serious problem 
since the cam contour is the locus of 
reference the follower motion. 
The study of the roller follower is 
quite different since the locus of refer- 
ence is the pitch surface of the cam 
and not the working surface. 

Graphical methods are usually used 
for the solution of roller follower 
cam problems. Where accuracy is 
required, normal procedure is to make 
the design drawing many times full 
size so that the cam plot can be read 
more easily. If the is quite 
large, the graphical method becomes 
impractical; many times it becomes 
highly inaccurate as well. A further 
disadvantage of the graphical method 
is that it does not permit a rigorous 
study to be made of the cam contour 
and the resulting motion. 

In studying the contact character- 
istic of roller follower and cam, the 
most important single factor required 
is the pressure angle. 


for 


cam 


This angle is 
conventionally defined as the angle, 
the vertex of which is at the pitch 
point of the follower in its successive 
positions and the sides of which are 
the direction of motion of the pitch 
point and the normal to the pitch 
surface. this discussion, the 
definition will be modified so that the 
pressure angle, a in Fig. 1, has as its 
sides the normal to the pitch surface 
and the radial line joining the pitch 
point with the center of rotation of 
the cam. 


For 


The pitch surface of the cam may 
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be considered as the polar representa- 
tion of the motion equation of the 
pitch point. If R is the radial line 
joining the pitch point and cam cen- 
ter, Fig. 1, and B is the angle of dis- 
placement of this line from an initial 
position, the pressure angle is then 
defined by the calculus as 
dk/dB 
— 
The angle a thus defines the direction 
of the normal from pitch point to 
cam contour and immediately locates 
the point of contact between roller 
follower and cam contour. The de- 
rivative dR/dB is determined from 
the motion characteristic of the fol- 
lower since R is a function of that 
motion. the roller follower 
diameter is constant, the succession 
of values of R and a will permit the 
cam contour to be mathematically 
calculated. It is important to note 
at this point that the angle B is not 
the angle of rotation of the cam but 
is the angle of displacement of the 
radial line joining the pitch point and 
cam center. When the rotation of 
the cam shaft is at constant speed, 
the cam angle @ has a constant deriva- 
tive with respect to time; the deriva- 
tive of B is not necessarily constant. 
In the example of the radially moving 
roller follower the two angles are 
identical ; the offset and pivoted roller 
followers produce unequal angles. 
The direction of the normal to the 
cam contour is that of the force ex- 
erted on the follower by the cam. The 
moment of this force determines the 
torque required of the cam shaft to 
produce the desired motion of the fol- 
lower. It is thus seen that a study 
of the direction of the normal must 


tana = 


(1) 


Since 


Propuct ENGINEERING 


be made if the load characteristic of 
the cam is to be determined. Where 
velocities must be 
considered with high accuracy it is 
necessary that the direction of the 
normal be known with the same de- 
gree of accuracy. In many designs, 
this accuracy is not obtainable with 
the usual graphical methods. 

It is interesting to note that the 
pressure angle is a variable factor 
except in the case of logarithmic mo- 
tion. ‘The exception is a result of the 
derivative characteristic of a logarith- 
mic or exponential expression. The 
application of the logarithmic cam 
will not be touched in this discussion 
but the determination of the con- 
stancy of the pressure angle will be 
shown as an_ illustration of the 
mathematical design of cams. For 
the purpose of simplification, the mo- 
tions to be studied are straight line, 
simple harmonic, and_ parabolic. 
These motions are commonly used 
and represent the bulk of all cam 
design. 

The radial motion roller follower 
illustrates with simplicity the mathe- 
matical method of solution. To 
demonstrate the method, a series of 
designs will be completed, utilizing 
the same load conditions and, where 
possible, the same dimensional fac- 
tors. Referring to Fig. 1, a cam su! 
face is shown with center at 0. ‘The 
roller radius is a, the radial line be- 
tween pitch point and cam center is 
R, the radial line between contact 
point and cam center is r, and the 
angle between them is y. The mo- 
ment arm of the force F is measured 
perpendicularly from the line of ac- 
tion of F to the cam center, and the 
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component of F along the line of mo- 
tion of the follower is P. For the 
general case, the motion s of the fol- 
lower is a function of the angle of 
rotation 6 of the cam. The radial 
line R is the sum of the base radius 
of the cam, R., and the motion s. 
Thus: 

R=R+f (8) (2) 


Since, R. is a constant, 
dR/dB = d{f (6)]/dB = M (3) 


So that combining Equations (1) and 
(2) gives 
M 


hes. 
me are 


(4) 
The torque required at the cam shaft 
is the product of the normal force F 
by the moment arm #. Thus: 


FR tan @ 


T = Fp = FR si = 
, wei Vi + tan? a 


FMR 


T =——— 
VR? + M? 


(6) 
The component P along the line of 
motion of the follower is F cose. 
Thus the torque becomes the simple 
expression 

T = PM (7) 


Analyzed, Equation (7) simply states 
that the torque required at the cam 
shaft is the product of the force re- 
quired for the motion of the follower 
by the rate of change of the pitch 
radius with respect to the angular 
displacement of the pitch radius. For 
any given maximum pressure angle, 
it is thus desirable to find the smallest 
cam producing this angle so that the 
derivative M is at a minimum. In 
the example being discussed, the 
angles 6 and B are equal so that M 
becomes ds/d@ and Equation (7) re- 
duces to 

T = P ds/dé (8) 


If the cam is rotating at constant 

speed w, the velocity of the follower, 
ds/dt, is 

ds/dt = V = (ds/d6)(d@/dt) (9) 

V = w (ds/d6) (10) 


The acceleration of the follower is 
dV /dt and since w is constant, the ac- 
celeration becomes 
d {ds 

The derivative ds/d@ is always ex- 
pressed as a function of 6 so that suc- 
cessive derivatives of ds/d@ with re- 
spect to ¢ will have the substitution 
w each time d6/dt appears. It is thus 
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seen that the acceleration can be eval- 
uated. 

As already stated, the pressure an- 
gle is a variable factor. To arrive at 
definite dimensions for any given set 
of load conditions, some specific value 
of the pressure angle must be used. 
Referring to Equations (8), (10), 
and (11), it is seen that torque, ve- 
locity, and acceleration are directly 
proportional to the derivative ds/dé. 
From Equation (4) the tangent of 
the pressure angle is also directly pro- 
portional to this same derivative. 
Thus, in order to design for maxi- 
mum conditions, the maximum value 
of the pressure angle must be deter- 
mined. 

Since the pressure angle determines 
the side pressure exerted on the fol- 
lower bearings, it is desirable that this 
angle be held below some practical 
limit. Present day design indicates 
that the angle should not exceed 30 
deg. since beyond that point the bind- 
ing effect of the side pressure becomes 
prohibitive. Where smooth motion is 
desired common practice has been not 





to exceed 15 deg., particularly if the 
roller has been overhung greatly from 
the follower bearing. Having estab- 
lished the maximum pressure angle 
desired, it is then necessary to evalu- 
ate the position of the cam where the 
maximum value will occur. This can 
be accomplished by equating the first 
derivative of Equation (4+) to zero 
and solving for the cam angle. At this 
angle the value of the base pitch ra- 
dius can be determined and the size of 
the cam thus established. 

The type of motion desired of the 
follower for any given maximum pres- 
sure angle governs the size of the cam 
that will produce this motion. As a 
general rule, the logarithmic cam will 
be the smallest with the straight-line- 
motion cam slightly larger. Simple 
harmonic motion produces the next 
larger, and parabolic motion the larg- 
est. These relative sizes are for the 
four types of motion discussed in the 
foregoing paragraphs; other motion 
curves exist that produce cams larger 
than the parabolic, but none is smaller 
than the logarithmic. The solution 
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Fig. |—Disk cam for radial displacement of roller follower. 








of Equation (4) for Ro yields the fol- 


lowing: 
Logarithmic Motion 
L 
Ry = 


edtang _— 1 
Straight Line Motion 
ae” (13) 


btan @ 
Simple Harmonic Motion 


L T- .. 
t= (V5 = = ) (14 
2 b? tan? a +3 
Parabolic Motion 
L ss 
Re = 5, (4 cot « — b) (15 


The value L is the stroke of the fol- 
lower for the cam angle b. To avoid 
confusion and possible error, all an- 
gles should be expressed in radians. 

The variation of pressure angle 
with respect to cam angle can be de- 
rived from Equation (4). The solu- 
tion of Equation (4) for pressure an- 
gle yields the following: 


Logarithmic Motion 


ia Ro +L 
tan a = > log. ( Ro (16) 
Straight Line Motion 
L 
t = 7) 
ne a + ™ 


Simple Harmonic Motion 
(nL (2b) sin 110 /b 
L eee . 
Ro +—-(1 —cosmie/s) (8) 


» 


~ 


tana = 





Parabolic Motion 
410 


—— a 
na = Re + 2L0 


(19) 
Note that Equation (16) does not 
contain the variable 6, indicating that 
the pressure angle of a logarithmic 
cam is constant for all values of cam 
angle. The solution for pressure an- 
gle can be made either through the 
use of Equations (16), (17), (18), 
and (19), or through the use of the 
basic expression Equation (4). The 
logarithmic motion curve has only one 
solution for any given set of condi- 
tions, this solution being fér the con- 
stant pressure angle. The solution of 
Equations (17) and (18) will yield 
the full contour during the rise of the 
follower, the fall being symmetrical 
with the rise. 

Parabolic motion is characterized 
by a period of constant acceleration 
followed by a period of constant de- 
celeration. In order properly to eval- 
uate Equation (19), the angle @ can- 
not be used beyond the value of b/2 
since bepond that value deceleration 
takes place. For more satisfactory 
results, Equation (4) should be ap- 
plied with tan @ representing the 
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Fig. 2—Relative positions of follower 
and cutter centers along common 
normal during milling of cam contour. 


quotient of ds/d@ and R for each set- 
ting of 6. The values of ds/d@ are 
symmetrical during each half of the 
rise so that only one-half of the set- 
tings need be evaluated for the deriva- 
tive. The increments of s are likewise 
symmetrical, permitting a full deter- 
mination of R for the complete rise. 
It would be possible to establish the 
polar equation of the parabolic cam 
in a periodic form similar to the sim- 
ple harmonic curve but the use of a 
harmonic series would be necessary, 
thereby encumbering the calculations. 

One advantage of the mathematical 
method of cam design lies in its ability 
to produce accurately the machine set- 
tings for cam milling. If the cutter 
and roller follower are of the same 
diameter, the problem is relatively 
simple since the motion characteristic 
will serve by itself for the calculation 
of the settings. Where these diam- 
eters are different, the pressure angle 
for each setting must be known since 
the cutter center will lie somewhere 
along the normal to the pitch surface. 
The accuracy to which the cam must 
be cut will determine the number of 
settings required. For the majority of 
examples, a relatively small number 
of settings can be computed and the 
remaining settings filled in by inter- 
polation. 

To illustrate the manner in which 
the design is accomplished, assume 
that a cam is required having a stroke 
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of 1 in. during a 60 deg. rotation of 
the cam, the maximum pressure angle 
to be such that its tangent is 0.2500. 
The roller diameter is to be 1 in. The 
cam will be designed for straight line, 
simple harmonic, and parabolic mo- 
tions. Using Equations (13) to (15) 
the base pitch radii are found to be 
3.8197, 5.5208, and 7.1394 in., re- 
spectively. The maximum pressure 
angle for the straight line motion oc- 
curs at the start of the stroke, for the 
parabolic motion at the midpoint of 
the stroke, and for the simple har- 
monic motion at 6 equal 28.418 deg. 
The radial settings, R, and the angu- 
lar settings @ for a 1 in. cutter are 
listed in Table I. The settings for a 
3 in. cutter are listed in Table II. For 
precise design, the number of settings 
calculated would not normally be 
sufficient to avoid filing but for illus- 
trative purposes the number chosen is 
satisfactory. 

In analyzing the data in Tables I 
and II, note that the calculations have 
been carried out to one-tenth of one 
thousandth of an inch. The degree of 
accuracy to which the calculations 
should be made is entirely dependent 
upon the degree of accuracy to which 
the cam is to be machined. For high 
speed machinery, a high degree of ac- 
curacy is required since even small 
irregularities in the cam surface can 
cause serious vibrational problems. 
This is particularly true when the fol- 
lower travel is short. Graphical meth- 
ods do not permit this extreme ac- 
curacy and computations must be 
made. In this respect the mathe- 
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Fig. 3—Graphical representation of 
Equation (13) showing variation of 
cam size with pressure angle. 
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matical design is advantageous since it 
allows for analysis before the design 
is completed rather than after com- 
pletion as would be the condition in 
the graphical method. 

The efficiency of operation of a cam 
mechanism is highly dependent upon 
the maximum pressure angle selected 
for the design. The useful work 
transferred from cam shaft to fol- 
lower is increased as the pressure an- 
gle decreases since the component of 
force in the direction of the follower 
motion is proportional to the cosine 
of the pressure angle. The power re- 
quired to drive the cam shaft against 
the restraint of the load is the prod- 
uct of the torque by the angular ve- 
locity of the shaft. The variable ac- 
celeration of the follower causes the 
power required to be variable since 
the torque is a function of the accel- 
eration. The variation of torque with 
pressure angle causes a second variable 
to appear in the power characteristic 
so that the computation of average 
power requires an integration of the 
power variation curve. The efficiency 
of transfer can thus be determined 
when the load characteristic is known. 

The use of cams to produce motion 
of machine elements is not necessarily 
a study in empirical relations. ‘l'rial 
and error methods of design can be 
avoided if a mathematical analjsis is 
made of the mechanism and its re- 
quirements. The mathematics inher- 
ent in such an analysis may at times 
become time consuming because of 
the extensive use of the trigonometric 
functions. The value of the informa- 
tion derived should be the yardstick 
in measuring the extent to which any 
analysis is carried. In the design of 
cams for high speed machinery, accel- 
eration and torque are extremely iin- 
portant considerations since the limit 
of speed of the machine is set by the 
limiting values of acceleration and 
torque normally acceptable. To de- 
termine the maximum values of these 
two factors is possible without making 
an extensive analysis if due consider- 
ation is given to the conditions of the 
problem. 

Mathematical analysis is applicable 
to other motions in addition to the 
tour fundamental motions already dis- 
cussed. Two rather prevalent types 
of cams not mentioned in the forego- 
ing analysis are the cube base and the 


t 


tangential base cams. These cams are 


+ 


trequently used in valve mechanisms. 














Cam Angle 


Follower Rise Pitch Radius 


























Pressure Angle &, ur 
6, Deg. 5, In. R, In. Deg. = Min. Radius r, In. 
SrraicHT Live Motion pe 
6 0.1 3.9197 13 42 3.4362 
12 0.2 4.0197 13 22 555255 
18 0.3 4.1197 13 3 3.6345 
24 0.4 4.2197 12 45 3.7336 
30 0.5 4.3197 12 23 3.8330 
36 0.6 4.4197 12 12 3.9325 
4 0.7 4.5197 11 56 4.0319 
48 0.8 4.6197 1i 41 4.1312 ] 
54 0.9 4.7197 11 25 4.2308 
ft 60 1.0 4.8197 11 12 4.3189 
SimpLe Harmonic Motion 
6 0.0245 5.5453 4 47 5.0471 
12 0.0955 5.6163 3 55 $.1133 
1s 0.2061 5.7269 11 58 5.2388 
a 0.3455 5.8663 13 +0 5.3818 
30 0.5000 6.0208 13 59 $.$371 
36 0.6545 6.1753 13 0 5.6893 
42 0.7939 6.3147 10 53 5.8245 
43 0.9045 . 6.4253 7 4 5.9304 
$4 0.9755 6.4963 4 4 5.9978 
60 1.0000 6.5208 0 0 6.0208 
PARABOLIC MoTION 
6 0.0200 7.1594 3 3 6.6600 
12 0.0800 7.2194 6 2 6.7223 
18 0.1800 7.3194 8 54 6.8259 
24 0.3200 7.4594 11 35 6.9703 
30 0.5000 7.6394 14 2 7.1553 
36 0.6800 7.8194 13 49 7.3342 
42 0.8200 7.9594 8 12 7.4648 
48 0.9200 8.0594 5 25 7.5617 
54 0.9800 $.1194 2 42 7.6200. 
60 1.0000 8.1394 0 0 7.6394 





Table 1l—Caiculations of Machine Settings for Milling Cam 














Cam Angle Eh r,. Pressure Angle a, — Radial Machine Boor is gy 

8, Deg. Ins Deg. Min. Setting C, In. Deg. Min 
6 5.5453 4 47 6.5407 $ 7 
12 5.6163 8 55 6.6060 10 39 
18 5.7269 il 58 6.7085 16 16 
4 $.8663  - 13 40 6.8420 21 59 
30 6.0208 13 59 6.9957 28 3 
36 6.1753 13 6 7.1533 34 13 
42 6,3147 10° 53 7.2992 40 29 
48 6.4253 7 49 7AIT3 46 $7 
54 6.4963 4 4+ 7.4942 53 4 

60 6.5208 0 0 7.5208 60 0 





The procedure for analysis of these 
types is identical with that for the 
simpler motions and the motion char- 
acteristics are readily obtainable. The 
cube base cam utilizes a third degree 
equation while the tangential base cam 
is a more complex form of harmonic 
motion. In either, the geometry of 
the cam serves to establish the polar 
equation of motion. 

In those examples where the motion 
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characteristic is not periodic it is 
usual to study the acceleration and de- 
celeration portions of the stroke as 
separate motions. At the point where 
acceleration ends and deceleration sets 
in, a boundary condition exists and 
the two motion equations have identi- 
cal values. The physical dimensions 
of the cam are normally evaluated by 
the use of the identity at the bound- 
ary condition. 
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Details Of a Small Diesel 


Designed 


for Air Cooling 





INTEGRALLY CAST aluminum cylinders and crankcase 
aid in successfully air cooling this two-cylinder, opposed, 
horizontal diesel engine. In effect, a finned “muff” of high 
heat conductivity is placed around the shrunk-in cast iron 
liner. Satisfactory cooling requires 550 cu. ft. of air per min. 
The axial type fan supplies greater volume and pressure 
than a centrifugal fan occupying the same space. In addition, 
the starter unit can be mounted inside the large hub when 
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used as an independent engine. Scuff bands on the pistons 
are the third factor that makes air cooling practicable. This 
12 hp. engine weighs 220 Ib., stands 1834 in. high, has a base 
2914 by 24 in. It was designed by D. W. Onan and Sons 
Inc., Minneapolis to operate 5 kw. generator sets. Their 
economic studies indicate that if the set operates 4 to 
8 hours every day, the Diesel is superior to the gasoline 
engine; approximately halving maintenance and fuel costs. 
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PRODUCT DESIGNS 

















Two scuff bands above the top com- 
pression ring on the piston aid in 
transferring heat from piston to the 
cylinder. They also throttle the 


temperature and pressure of the 


gases before they reach the top 
piston ring. Picture shows piston 
condition after 500 hours operation 
at rated output. Piston clearance 
is a more critical factor in ring 
sticking with the Diesel than with 
the gasoline engine. Contrary to 
air-cooled gasoline engine practice, 
the piston is fitted with the mini- 
mum clearance that will avoid pis- 
ton seizure. Compression ratio is 
17% to 1. 
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Fuel injection 
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Exhaust 








Temperatures of exhaust valve and other engine parts run somewhat higher 
than in water cooled engines, less than in high output aircraft engines 
even though greater air cooling velocity is available. Extra fins around 
the injector nozzles prevent cracking of the fuel before injection. Push 
rods for the overhead valves are of aluminum so that the expansion of 
the crankcase and cylinders will be matched by the rods, and thus tappet 
clearance will be maintained whether the engine is hot or cold. 
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Diesel Engine 


(continued) 


Main and connecting rod bearings are 
Alcoa No. X-750 alloy containing 7 
percent tin. Maximum main bearing 
pressure is 1,150 lb. per sq. in. Wear 
appears to be less than 0.0003 in. per 
thousand hr. of operation. Crankshaft 
is a cast nickel alloy iron. The opposed 
construction is inherently better bal- 
anced than the inline engine and cool- 
ing is easier because heat is not 
radiated from one barrel to the other. 
Electric starting of the engine is per- 
formed by an exciter winding on the a.c. 
alternator and a separate starting motor 
is not required. Automatic solenoid 
compression release operates below 150 
r.p.m. Thus the engine can be started 
and stopped by remote control. 




















High-pressure injection fuel pump has a throttling 
type of control instead of helix control of the plunger. 
The valve throttles the amount of fuel entering the 
pump cylinder, in contrast to the usual method of 
varying the plunger stroke. Governor, not shown, 


is built into the cam shaft timing gear. 


ing cone actuated by governor balls under a change 
of speed. The cone controls a lever that operates 


the throttle on the fuel injection pump. 


A single-cylinder, air-cooled vertical diesel has been 
built around a 214 kw. generator. Bore and stroke, 
each 3%4 in., are identical with the two-cylinder model. 
Majority of the internal parts of the two engines are 
interchangeable. The engines operate at 1,800 r.p.m. 
A sheet metal housing directs the cooling air princi- 
pally over the cylinder head, it is inconvenient to 
provide large fin areas there. 
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Combined 
Rotor-Impeller 
Makes 
Simple Pump 


IMPELLER assembled integrally with 
the rotor of an electric motor forms a 
small pump about half the size and 
weight of conventional units. The com- 
bined motor-pump is inclosed in a 
single aluminum alloy housing, pire- 
threaded or flanged at both ends so 
that it can be fastened directly into 
the pipe line. Water circulating through 
the pump cools the motor and a ther- 
mal overload protector automatically 
cuts off the current if the winding tem- 
perature exceeds a safe value. Opera- 
tion is not affected by mounting at vari- 
ous angles. The motor-pump, built by 
the Pezzillo Pump Company, Philadel- 
phia, is available in pipe sizes from 1 to 
2'% in., threaded or flanged, with free 
delivery of 25 to 120 gal. per minute. 


Pumping chamber comprises a station- 
ary venturi and an impeller attached to 
the tubular rotor. Water passing 
through the venturi reaches the whirl- 
ing impeller-rotor, where centrifugal 
force increases the fluid pressure. Dis- 
charge is through stationary diffusion 
vanes that remove turbulence. Field 
windings are sealed and isolated from 
the pumping chamber. Combining im 
peller within the rotor makes possible 
a construction that does not need ex- 
terior shaft seals, packing glands, stuff- 
ing boxes, separate pump housings or 
flexible couplings; nor are alignment 
roblems encountered. The rotor-im- 

ller assembly is dynamically balanced 
id mounted on a sealed bearing re- 
(uiring no maintenance. 
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Electrically Operated Coin Changer 


Cycle for a 10-cent coin is as fol- 
lows: Coin receptacle E guides coin 
into slug-rejector F. Here the coin 
is subjected to a series of tests by 
means of magnets, wires, and bal- 
anced arms. If defective, coin is 
returned to customer. If acceptable 
it falls into coin chute B. Here it 
strikes actuating arm W of coin 
switch C.,, closing contacts and en- 
ergizing relay R,. This relay causes 
vending machine to dispense the prod- 
uct, energizes coin sight release sole- 
noid S, that releases the coin deposited 
in viewing receptacle by previous cycle 
and holds the 10-cent coin from pass- 
ing into this receptacle until the cycle 
is completed. Relay R, further causes 
the 5-cent coin rejector solenoid S; 
and S, to be de-energized, so that 
arms O and P move into the slug 
rejector to close off the coin path while 
the machine is in cycle. Relay R, 
energizes solenoid S, causing a 5- 
cent coin to be rejected from change 
dispenser D. The 10-cent coin 
passes down the chute where it is 
held by the coin stop V. When the 
vending machine cycle is completed, 
solenoid S, de-energizes, allowing 
coin sight door L to close. The 
door carries coin stop V out of the 
way, so that the coin falls into the 
viewing receptacle. 
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INTERLOCKED RELAYS and solenoids 
enable the Coin Changer, attached to any vend- 
ing machine, to dispense the product and re- 
turn change to the customer. If the machine is 
empty a switch turns off the coin viewing light 
and the coin is returned through the slug chute. 
Should a run of large coins exhaust the change 
column, a light warns the customer to “De- 
posit no nickels.” “Jackpotting” or continuous 
cycling as might be caused by a jammed coin 
is prevented by a relay connected to the coin 
actuating lever. Changer comprises a mounting 
plate upon which are mounted three coin chutes 
B,, B:, B:; a change dispenser D; solenoids S: 
to S.; relays R: to R.; coin switches C; to C;; 
coin receptacle E; slug rejector F; and coin 
viewing receptacle G, where the inserted coin 
is visible as proof of genuineness. The Coin 
Changer is a product of the Bell Aircraft 
Corporation, Burlington, Vt. 
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ELECTRICAL CIRCUIT OF COIN CHANGER 
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C4- Low change switch $4 - /0¢ € 25¢ coin return e/ectromagnet 
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-— Cz When only seven 5-cent coins remain in change column N, actuating arm LL of low change 
A change 


"doh Le seceumy | switch C4, moves into coin column N, closing the circuit in C4. Solenoid S, is de-energized, 
” . releasing arm P, which moves into the path of 10 and 25-cent coins in the slug rejector, 

thus deflecting these coins to the customer. This also lights the low change warning light 
mounted in the vending machine cabinet. When supply of change is too high, actuating 
arm R depresses switch C;. Solenoid Sg then pulls arm Q from within coin chute B, 
V thus allowing the nickels to pass directly into the coin box. When the supply of merchandise 
has become exhausted, the empty switch opens, causing coin viewing light to go off and 

relay I Loin sight de-energizes all relays and solenoids. Arms O and T move into the path of 5, 10 and 25- 
‘change He S door cent coins, deflecting them through the slug rejector for return to the customer. This same 
solenoia action occurs in the event of a power failure. To prevent a jammed coin from holding coin 
switch closed and initiating continuous cycling, a coin contacting the actuating arm of the 
coin switch closes CS,. This causes the vending machine motor to start. The motor, through 
yrge aispe es a cam, closes CS; and opens CS,. If coin passes freely by the switch after having made 
sida: contact, the actuating arm returns to normal. R, completes the circuit to vending machine 

Side and energizes the Coin Changer. A jammed coin holds the actuating arm in a depressed 
position thus preventing R, from becoming energized and starting dispensing cycle. 
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Work Table Hydraulically Positioned 


THE Man-Au-Trol Spacer is a 32 x 
40 in. table, movable on a saddle, both 
hydraulically traversed from one prede- 
termined position to another by their 
selector dials. When mounted on 4 to 
6 ft. radial drills it replaces the usual 
jigs. Thirteen hydraulic cylinders gov- 
ern 20 in. of lateral movement of the 
table, 20 cylinders control 30 in. longi- 
tudinal action of the saddle. For ex- 
ample, if one stop has been adjusted 
during set-up to position the table 6.000 
in. from its extreme forward location, 
the table will always move to this loca- 
tion and be locked there automatically 
whenever the transverse position selec- 
tor is turned to that particular stop 
position. Similarly, the saddle is moved 
with the longitudinal position selector 
dial. Combination of the two move- 
ments allows the operator to position 
the work quickly and accurately in any 
of 260 locations and in any sequence. 
Errors up to 1/16 in. in setting the 
selector dials do not affect the accuracy 
of hole location. The Man-Au-Trol 


Positioning stop 

rods at the ends 
of the saddle 

positioning cylinders 








Spacer is a development of the Bullard 
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Company, Bridgeport, Conn. oa gy Sn dua = 
XS 
Table fn KU S 
selector valve a fo Z = 
1S positions 7 Positioning cylinder = i 
° i" a = — —— ' 
eo! 
: i} . . ti 
‘ ° : \ “YL. positioning | 
Setting of a selector dial by the opera- ——— ‘Master cylinder ‘piston 
tor determines which one of a number “aa” ] 
of cylinders is to receive the hydraulic 25 psi. — Adjustable and interchangeable 
pressure. = piston in rt + digg re- | —. a — penn" — 
acts to the pressure, thereby moving 20 positions 
' A positioning . 
the table. Force from a balanced mas- | pone piston not, “laa” 
ter cylinder, working in conjunction | , a i 
with the force of the active cylinder, | Gfo°° 0S s — 9 
provides a rapid, smooth motion from ig Positiening cylinder = 
one location to another and locks the Ne 
table against its stop. The position Sate .  _ er 
. . , H ~ SITIO 
of this stop may be varied through Master ‘cylinder ‘ieee g 
screw adjustment. A 16-in. positioning 
rod, for instance, is used as the stop 
for adjustment to any distance between Regtting Pv proce - 
. _- pane Sal ary, Unloading valve 
10 and 15 in. Once the stops have been Bea O10 5.000 psi _operatin Y pressure ronge 
set, the work-carrying table will return Check valve povieng ome 
to them with extreme accuracy. De- oe Z : 
pending on the movement required, in- 
terchangeable stop rods of 6, 11, 16, 21, _- 
26 and 31 in. are used. Hydraulic pth = peg 1800 rpm 
power is furnished by the 3 hp. 500 to 2.000 psi._.-----~" ‘aur 
constant speed pump motor, which Om sap low cineliiaiine 
with starter, is the only electrical equip- set aF {000 psi high pressure pump 
ment. Three oil filters are used on the 1 2 samc abl otLGID pen, 
intake side of the hydraulic system, 25 gpm. 
and an oil purifier on the pressure side pos. a myn psi 
of the line. The oil reservoir is in the rrax. del. at 000 rpm, 
: 25 gpm. 
machine bea. 
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——-PRODUCT DESIGNS 








Hard Steels 


Improve Cone Type Speed Transmission 


AN OLD TYPE of stepless variable unit has been modern- 
ized by using hard, highly-tempered steels. The Variator is 
a friction drive, transmitting power through a driving cone 
that rotates two adjustable disks that turn the takeoff cone. 
Previously leather and other soft materials were used for 
the transmission parts. Under pressure these materials 
spread at the contact points, giving large area contact in- 
stead of line contact. Area contact meant that a series of 
surface points were displaced at different speeds, thus pro- 


ducing excessive wear and power losses. Highly tempered 
hard steel parts are used in the new transmission to obtain 
line contact. This line stands a high specific pressure with- 
out appreciably increasing the contact area. The mechanism 
is placed in an oil bath that cools, lubricates, and reduces 
such sliding friction as might be present. Variator can be 
manually adjusted at any speed. The ratio of driven axle 
speed to that of driving axle is variable from 0.22 to 1.60. 
The device is built by J. Arter & Co., Switzerland. 





Se/f-centering 
support ring 





6 x 





Driving cone 


vertical axle about which the alisks 
are adjusted for speed regu/ation 


Convex headed’ 
/ -~“support knob 


_-Oriven core 


Profiles of the cones and disks are de- 


signed so that in any position the line 
formed by the contact points will coin- 
cide with the line theoretically obtained 


by generation. Speed variation is ob- 
tained by changing the setting of the 
arms on which the rotating disks are 
mounted. These arms are carried by a 
support ring, self-centering, so as to 
ies balance the loads on the two disk§. The 

















* axial thrust on the disks is transmitted 
o> to a support knob, convex headed so 
that the disk self-balances its load on 
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Horizontal Cross Section of Variator 





~-~Jransmmission alisks 


each cone. Driven cone is keyed to its 


Vij, shaft. The driving cone is turned by 


plates between which run ball bearings 
in inclined channels. The plates build 
up a pressure corresponding to the load 
to be transmitted. Loading springs fur- 
nish the initial pressure to squeeze the 
oil from under the contact points of the 
cones and disks, otherwise the Variator 
could not be started. 
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Hydraulic Coupling Applied to Electric Motor 


ELECTROFLUID DRIVE is a compact 
combination of an induction motor flanged 
mounted on a housing that contains a hy- 
draulic coupling. This power unit, avail- 
able in 1 to 20 hp. sizes, has many advan- 
tages. The motor can be selected for 
normal running load, rather than starting 
current requirements; by proper specifica- 
tion of the torque capacity of the fluid 
coupling, automatic overload protection 
for motor and for driven machinery is 
assured; starting and speed pickup are 
smooth; the motor is isolated from shocks 
from the driven machinery; standard a.c. 
motors without complicated starting con- 
trols can be used. The Electrofluid Drive 
is a development of the Link-Belt Com- 
pany, Chicago. 








Coupling is filled with light mineral oil of steam turbine 
quality. Torque is transmitted from impeller to runner by 
the fluid and there is no mechanical connection between the 
two elements of the coupling. Slippage in the hydraulic 


coupling absorbs sudden load changes, thus making the unit: 


ideal to handle impact, high inertia, high break-away torque, 
and shock loads. 


Curves show acceleration of the motor of an Electrofluid 
Drive and of a heavy inertia load typical of many driven 
machines. Motor attains approximately 75 percent full load 
speed before coupling circuit functions to engage the load. 
Motor continues to accelerate as load is automatically picked 
up by the coupling, until normal full load speed is attained. 
Difference between motor and coupling output speeds repre 
sents slip or speed drop in coupling. 
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These curves show the relationship between 
output torque, current and speed, with and 
without the fluid coupling. If a standard 
squirrel cage induction motor and fluid trac- 
tion coupling are conceived as a unit (Elec- 
trofluid Drive), the result is as shown by the 
solid lines. Nearly maximum torque starts 
the load from zero speed, yet starting current 
falls almost instantaneously to a reasonable 
limit. Performance of the motor alone and 
with the hydraulic coupling is shown by 
dotted and solid lines respectively. 





Miniature Vacuum Tubes 


Reduce Oscilloscope Size 


COMPLETE CATHODE RAY OSCILLOSCOPE, incorporating 
cathode ray tube, vertical and horizontal amplifiers, linear time base 
oscillator, synchronization means and power supply has been built into 
0.150 cu. ft. of space with weight of 534 lb. Miniature glass vacuum 
tubes reduce space requirements. Angle of vision was selected to allow 
a wide range of relative operator positions. A telescopic light shield 
facilitates observation in high light intensity areas. Time base oscilla- 
tor uses a double triode tube connected as a multivibrator, producing 
a substantial linear trace from 10 cycles to 50 kilocycles. The Pocket- 
scope is built by Waterman Products Co., Philadelphia. 
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PRODUCT DESIGNS-----——- 


Ball Type 
Friction Ratchet 


Meters Feed 


WITH EACH SQUEEZE of the handle 
of the Presto-gun, a metered amount 
batter in doughnut form drops from the 
bottom orifice. The piston moves ;% in. and 
the hole cutter opens } in. to properly meas- 
ure and form the batter. The machine, 
largely aluminum, is built by Hom-Ade, 
Inc., San Francisco. 





The shaft, carrying the hole cutter with it, 
travels downward j in. when the handle is 
squeezed. The ball rolls and wedges the 
ball housing tightly onto the shaft as the 
shaft moves. Ball housing is carried 
downward, compressing the piston spring 
until solid, after which piston and rod 
move in unison. This action requires ¥ in. 
of stroke. The piston is forced down for 
the remaining +4 in. of shaft travel, thus 
ejecting batter through the metered annu- 
lar orifice. After releasing the handle the 
shaft moves upward and the ball carrier, 
aided by the piston spring, slides into the 
free position. 
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DESIGNED to speed up material-handling operations in stamp- 
ing shops, the “Press-Veyor” is a power-driven endless belt con- 
veyor that can be trundled about and positioned by one man. The 
Rapids-Standard Company, Inc., Grand Rapids, Mich., builds the 
conveyor in six- and eight-foot models, powered by 1/3 hp. motors 
giving 72 or 104 ft. per min. belt speeds. Delivery end can be 
adjusted for height by extending telescope arm. Height of receiv- 
ing end is controlled by sliding pivot arm that locks with a set 
screw. These two adjustments also permit setting the conveyor 
at desired operating pitch to accommodate any production layout. 


Intricate Magnesium Die Casting for Radio Chassis 


Portable Belt Conveyor 


Adjustable for Height and Pitch 
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The hot-shot gooseneck meth 

od was used to cast this radio 
chassis. German technologists 
developed a machine that made 
eighty of these units per hour. 
The technique was discussed 
in an article in Propuct Enact 

NEERING, July 1946, page 81. 






















Wide base, of welded steel tubing, 
reduces tipping hazard so that press 
need not be locked to floor during 
operation. Two wheeled design per- 
mits press to be moved like a hand 
truck. Motor drive is inclosed in a 
steel chain guard. Motor mounting 
plate is pivoted at one end and pro- 
vided with screws for easy adjust- 
ment of drive chain tension. Belt is 
4-ply, 32 oz. stitched canvas, im- 
pregnated, with steel cleats 1% to 
2-in. high spaced 24 in. apart. A 
one-piece removable steel conveyor 
bed protects the belt and furnishes 
mounting for guard rails. 
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Garden Tractor 


This lightweight tractor has multiple 
attachments making it a unit adaptable to 
many purposes around the home or small 
farm. The tractor, including the gasoline 
motor, weighs less than 100 lb. Speed control 
is regulated at the handle grip. Lawnmower, 
snow plow, cultivator tools and seeder at- 
tachments are available. 



























Continuous Web Trailer Wheel 


Exceptionally high strength-weight ratio with greate1 
stiffness than conventional spoke design is claimed for 
these cast steel dual trailer wheels. The wheels have a 
continuous web that is folded back and forth thus 
producing staggered rim seats and greater assembly 
strength. <A ventilating rim spacer improves cooling 
of both brake drum and tires. The maileable iron rim 
lugs, bolts and nuts are plated for rust resistance. 


4 


Manufacturer: Lodge & Shipley Machine Tool Co., Cincinnati. 


Lead Sulphide Photoelectric Gell 


A lead sulphide photoelectric cell, said to be the best 
type of uncooled cell developed by the Germans, can detect 
infra-red light values as low as one-ten-billionth watt, 
and detect infra-red light wave lengths of 1.5 milli- 
microns. Lead sulphide of high purity is evaporated onto 
a glass miscroscope slide under high vacuum at tem- 
peratures of about 200 deg. C. This layer is then oxidized 
in an infra-red oven. After testing the layer for light 
sensitivity, thin gold electrodes are applied to the slide and 
soldered to the electric circuit. The whole cell is built 
into a moisture proof case with a glass cover window 
over the cell strip. The sensitivity of the cell can be 
increased by cooling; maximum sensitivity being at about 
minus 70 deg. C. Complete details are available in eas. 
PB-27008, OTS, Department of Commerce, Washington. Manufacturer: Gunite Foundries Corp., Rockford, II. 
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Automatic Plug-In 
Connector for Gas Outlets 


An automatic plug-in connector for connect- 
ing portable gas appliances has been developed 
by American Gas Association’s Testing Labo- 
ratories. Primarily conceived to be used with 
smaller pieces of commercial equipment, plug- 
in connectors may ultimately be applied to the 
domestic field to enable the average woman 
to connect refrigerators, space heaters and 
perhaps even ranges, at outlets conveniently 
located around the home. Instead of the solid 
iron pipe now used for conveying fuel, flexible a 
or semi-flexible metallic tubing would be eal 
utilized to facilitate moving the appliances. 












‘GAS INLET 


SPS BARA 


Lightweight Industrial Engine 


High-pressure aluminum alloy die castings combined 
with the inherent simplicity of aircooled, 2-cycle en 
gines, hold the weight of this 2.5 hp. engine to 24 Ib. 
Guide vanes in intake ports direct the incoming fuel 
charge so that flat top pistons can be used rather than 
piston top deflectors. This directional fuel control is 
claimed to improve scavenging and reduce detonation 
from hot spots on piston tops. Vertical crankshaft and 
rod are forged steel. The cylinder sleeve insert is 
hardened steel. This type of construction has been 
applied to a line of airplane and stationary small 
engines, 


Manufacturer: McCulloch 
Motors Corp., Los Angeles. 


Self-Propelled Arc Welder 


The “Weldmobile” consists of a 300 
amp. welding generator and gas tanks for 
oxyacetylene welding, mounted on an 
automotive frame. A Chrysler Industrial 
6-cylinder engine is direct connected to 
the welder and also powers the carriage. 
Fluid drive, with a rearmounted clutch, 
transmits power to the 3-speed automotive 
transmission. Door to tool chest in the 
rear drops down to form the work bench. 





Manufacturer: Hobart Brothers, Troy, Ohio 
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\ | Magnesium Hand Truck 


Cast magnesium alloy for wheels and one-piece frame make this 
hand truck weigh under 27 lb., half the former weight. The wheels 
have ball bearings, molded on rubber tread and Zerk fitting lubrica- 

’ tion. Rust proof steel is used for the nose. There are no points or 
edges on the frame to cause snags. The balance is such that the 
truck falls forward when unloaded. 


Towing Tractor 


Flattened nose for better pushing characteristics and improved steer 
ing are shown in the redesigned Clarkat Towing Tractor. Cente: 
pivoted suspension of the wider steering axle and center control type 
steering gear operating through worm and gear sector aid steering 
performance. A mechanical governor is added for closer speed control. 





Manufacturer: Clark 


Tructractor, Battle Creek, Mich, ~ 





= 







Manufacturer: Magnelux Manufacturing Co., Los Angeles. 


Gas-fired Disposal Unit 


Smoke proof and odorless calcinator for kitchen installation 
burns up to 60 lb. of garbage in a batch. Downdraft principle TI 
cagries heat through the refuse, drying it, then setting fire to 

























the dry material. Little fuel is needed because 98 percent of ame 
the heat is provided by the material being consumed. The gas Sigi 
flame itself is said to be smaller than the laboratory size ma 
bunsen burner. The ash tray ordinarily need not be emptied exi: 
more than once a week. In 
ins’ 
mo 
A machine that lays 100,000 bricks in an eight-hour day has “ 
been designed by E. L. Harney of Chicago. The 2,000 1! 
machine moves back and forth on a track, lifting the bricks 
from a conveyor belt and passing them through an arranging - 
device on the head of an extending boom. The layer head typ 
picks up the bricks and sets them in mortar. A pressure A 
system pumps mortar to the walls through hydraulic lines. suc 
Manufacturer: Valley Welding & Boller Co., Bay Cii”, Mich. Ten men are required to operate the machine. on 
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Useful Transformer Connections 
For Powering Industrial Machinery 


H. K. PRITCHARD 


Specialty Transformer Div. General Electric Company 


Different ways of connecting dry-type two winding and single winding trans- 


formers commonly used for industrial machinery. Temperature considera- 


tions, voltage and turn ratios, terminal markings, parallel and series connec- 


tions, various phase and voltage transformations are included in the discussion. 


THE dry-type transformer, 600 volts 
and less, 2 kva. to 25 kva., enables de- 
signers to adapt standard industrial 
machinery to practically any of the 
existing electric service voltages used 
in industrial plants and commercial 
installations. As a design unit, the 
modern dry-type transformer is com- 
pact, easily installed, and economical 
to operate. 

Based on temperature rise, there 
are two general classifications of dry- 
type transformers. Those with Class 
A insulations of organic material, 
Such as paper and cotton, are applied 
on basis of 55 deg. C. temperature 





rise at full load in an ambient temper- 
ature of 40 deg. C. ‘Transformers 
with Class B insulations of inorganic 
material, such as fiber glass, mica and 
porcelain with some organic varnishes 
and binders, are used for 80 deg. C. 
temperature rise at full load in an 
ambient temperature of 40 C. As 
safe operating temperatures are in- 
creased, weights of materials can be 
decreased and rating for rating, the 
Class B transformer will have less 
weight and be smaller size than the 
Class A transformer. 

Dry-type transformers are designed 
for rated temperature rise, at rated 
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load for continuous operation. For 
intermittent loads, such as motor 
starting, excess rating can be obtained 
on a short-time basis. However, the 
transformer must have sufficient ca- 
pacity to provide the motor with 
minimum starting voltage at the in- 
stant of starting when maximum cur- 
rent is drawn. 

The three standard frequencies in 
general use in North America are: 
25, 50, and 60 cycles. In general, dry- 
type transformers designed for a 
given frequency, can be used on a 
higher frequency but not on a lower 
frequency. A transformer designed 
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Fig. 1—Parallel connection for two identical transformers. Fig. 2—Series connection for two identical transformers. 
Fig. 3—Three identical single phase transformers connected for a three phase, delta-delta bank. Fig: 4—Open-delta, 
three phase connection, using two single phase transformers of the three phase bank shown in Fig. 3. 


for 60 cycles, is expected to reach its 
rated temperature rise at full rated 
load, with rated voltage applied. 
When operated on a circuit with 
lower frequency, the magnetization 
in the iron core, exciting current, and 
core loss all increase, and the trans- 
former overheats. This condition is 
not alleviated by reducing the load, 
but only by reducing the applied 
voltage in proportion to the reduction 
in frequency. 

The terms “high voltage” and “low 
voltage” will be used rather than 
“primary” and “secondary” when re- 
ferring to the windings of a trans- 
former. Most dry-type transformers 
2 kva. and larger can be used for 
either step-up or step-down service, 
and either winding may become the 
primary or the secondary. 

Transformers are rated in voltam- 
peres or kilovoltamperes output, which 
is the product of the amperes and the 
volts. The kilowatt output of a trans- 
former is equal to the product of the 
kilovoltampere output and the power 
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tactor of the load. At unity power 
factor loading the kilowatts and kilo- 
voltamperes are equal. 


Ratios and Polarity 


A transformer has two ratios; (1) 
The voltage ratio is the ratio of the 
r.m.s. primary terminal voltage to 
the r.m.s. secondary terminal voltage 
at specified loading conditions; (2) 
the turn ratio is the ratio of the num- 
ber of turns in the high voltage wind- 
ing to the number of turns in the low 
voltage winding. The two ratios are 
equal when the transformer is un- 
loaded. The ratios differ when the 
transformer is loaded, because of the 
voltage drops caused by the induct- 
ance and resistance of the windings. 
This difference in ratios is regulation, 
which is usually expressed as a per- 
centage of full load voltage. 

In most dry-type, general-purpose 
transformers, the windings terminate 
in cable leads. The leads extend into 
a wiring compartment, to which con- 


duit can be connected. The cable 
leads do not usually extend outside 
of the wiring compartment in a fixed 
position. Such transformers do not 
have polarity. Polarity refers to the 
voltage-vector relations between ter- 
minals external to the inclosure, when 
the terminals are taken in a definite 
order and viewed from a definite po- 
sition. 

Each winding has a voltage induced 
in it by the magnetic flux in the core. 
Since the flux is mutual, the induced 
voltages will be in the same direction 
in the windings. If the windings are 
wound on the core in the same di 
rection, the induced voltages will ap- 
pear at the terminals in the same di- 
rection. The start of the high-voltage 
winding is usually marked H, and 
the finish Ho. The start of the low- 
voltage winding is then marked X, 
and the finish Xo. If the highest num- 
bered H lead is connected to the low- 
est numbered X lead, the voltages 
will add throughout the winding. 

Since lead markings indicate the 
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direction of the windings, and the di- 
rection of the voltages, they are 
important when two identical trans- 
formers are connected in parallel or 
series, or when two or more are con- 
nected in a polyphase bank. For trans- 
formers connected in parallel to op- 
erate satisfactorily and share the load 
equally, they should have the same 
voltage ratios and the same values of 
reactances and resistances. Identical 
transformers, shown in Figs. 1 and 2, 
are connected in parallel and series 
respectively. 


Two Winding Transformers 


Similarly, in polyphase banks the 
lead markings indicate the relative 
phase rotation. Thus if the order 
H,, He, Hs indicates phase rotation 
in a given direction, Y,, Xo, X3 in- 
dicates phase rotation in the same 
direction. 

As shown in Fig. 3, three identical 
single: phase transformers are con- 
nected in a delta-delta three phase 
bank. In the delta connection, the 
line voltage is the delta voltage, or 
the voltage of each single-phase trans- 
former. The line current is displaced 
30 deg. from the voltage and is equal 
to 1.73 times the current in the delta. 
The three transformers in the delta- 
delta connection should have the same 
ratios and they should have the same 
reactances and resistances to share the 
load equally and avoid flow of circu- 
lating current. 

If one transformer becomes dam- 
aged, the two remaining can be op- 





erated in open delta, as shown in 
Fig. 4. In open delta they provide 58 
percent of the original rating. 

The connection for three identical 
single phase transformers in a delta- 
wye or delta-star three phase bank, 
is shown in Fig. 5. In the delta-wye 
connection, the high voltage is dis- 
placed 30 deg. from the low voltage. 
In the wye or star, the line current 
is the current in the winding of each 
single phase transformer. The line 
voltage displaced 30 deg. from the 
current and is 1.73 times the voltage 
of each single-phase transformer. This 
connection is particularly useful for 
four-wire systems. With this con- 
nection, single phase loads can be 
placed between any line and the neu- 
tral. Single phase transformers with 
small differences in characteristics, 
can be used in delta wye without ap- 
preciably altering the division of the 
load. Circulating current in the delta 
cannot be reflected in the wye; it, 
therefore, acts as magnetizing current 
only and has little effect on the over- 
all heating of the transformer. 

The wye-wye three-phase connec- 
tion is not recommended for three 
single-phase transformers because of 
the difficulty of obtaining balanced 
voltages. There is also a serious shift 
of the neutral when single phase loads 
are connected from line to neutral. 

Two identical single phase trans- 
formers with midtaps, can be oper- 
ated three phase in the T-T connec- 
tion as shown in Fig. 6. Transformer 
No. 1 is the main and No. 2 is the 
teaser. If they are designed specifi- 











cally for the T-T connection, the 
teaser needs only 86.6 percent of the 
voltage of the main and no midtap. A 
teaser with voltage equal to that of 
the main, will operate equally well 
and provide balanced voltages. If 
identical single phase transformers 
are used, each must have a kva. rat- 
ing 15.5 percent greater than one- 
half of the three phase bank rating. 
The T-T connection can be operated 
on four-wire systems by placing a 
neutral in the teaser winding such 
that the turns between the main and 
the neutral are one-third of the total 
turns in the teaser. The voltage on 
the main is full line voltage and the 
voltage on the teaser is 86.6 percent 
of line voltage. Both the main and 
teaser carry full line current. 

There are a number of methods of 
transforming from three phase to sin- 
gle phase, but the most economical 
method is to use a single phase trans- 
former connected to one phase of the 
three phase circuit. Without the use 
of capacitor .and inductor compon- 
ents with the transformer, it is al- 
most impossible to transform from 
three phase to single phase and main- 
tain balanced conditions. 

Probably the most used connection 
for transforming from three phase to 
two phase, or vice versa, is the Scott 
connection. “Two transformers are 
required, they can be identical or not. 
If designed for a specific application, 
there is some saving in material if the 
teaser unit is not made identical to 
the main unit. On the three phase 
side, the main unit has full line volt- 
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Fig. 5—Three identical single phase transformers connected for a three phase, delta-wye bank. Fig. 6—Two identi- 
cal single phase transformers connected for a three phase T-T bank. Also can be operated on 4-wire system. 





105 















































































v wl 
as T¥|*. 
g . bs » 
Three Phase fo i Three Phase i ‘os 
E* 0866 / 0866 ‘ 
a E , A E™ 3 
asf 1c Xb af i_Jec Xb 
b d omega . : snaemcare” earn 
Main Jeaser Main Teaser a 
a’ c' ’ a’ c' AWD 
aT a 
; Th Ph w :* = 
Two Phase | | oe F E" Ee". 
Three Phase _/” ' 
\?P Ay 
“ a 
Lod rou % 2 = re E ~ >| : €) 
ye d a' b b d' fe---$ shan aie cmeseal en 
We ee pt ee te os oe Ve, ee ee ae 
FIG. 8 
oa ce e 
# b es 
\e" 
, on 
I ay *] 
b d f = N = d 
Z 
a’ c e " = 
a' 4 . 
- b 
1.2 bead kva. 1,000 _ Load kva. x 1,000 b’ d' sl Q 
i 1.73% E, - 1.73% Ey 
FIG.1 
FIG. 9 -© 





Fig. 7—Three phase to two phase transformer connection. Fig. 8—Three phase to simultaneous two phase and three 
phase transformer connection. Fig. 9—Three identical single phase autotransformers connected for a three-phase, 
wye-wye bank. Fig. 10—Single zig-zag connection is useful for establishing a neutral on a three wire system. 


age impressed on it and has a mid- 
tap. The teaser unit has 86.6 percent 
of full line voltage impressed on it 
and has no tap as shown in Fig. 7. 
The current relations are similar to 
those for the T-T connection for 
three phase. 

On the two phase side, the wind- 
ings of the main and teaser are identi- 
cal. Each has voltage equal to the 
two phase line voltage and each must 
deliver two phase line current, or 


1,000 kva./2E” 


By placing a midtap in the two 
phase side of the main unit and a tap 
at 13.4 percent of the turns in the 
two phase side of the teaser unit, both 
two phase and three phase can be ob- 
tained from three phase supply as 
shown in Fig. 8. The two phase and 
three phase simultaneous loading will 
have the same value of voltage, unless 
additional taps are provided. The 
currrent in each portion of the wind- 
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ing is the vector sum of the two phase 
and three phase currents flowing 
through that section of the winding. 


Thus far in the discussion the trans- 
formers have consisted of two wind- 
ing arrangements with the high volt- 
age winding isolated from the low 
voltage winding. Each winding is re- 
quired to carry power equal to the 
kva. rating of the transformer and all 
of the power is transformed from 
one winding to the other. Autotrans- 
formers have the low voltage winding 
in common with a part of the high 
voltage winding, and only a part of 
the total power is transformed. The 
remainder of the power flows directly 
from the high voltage circuit to the 
low voltage circuit, or vice versa. In 
some communities local codes limit 
the use of autotransformers, and be- 
fore such devices are specified a thor- 
ough investigation of codes should be 
made. 


‘The effective percent impedance is 


less in an autotransformer than it is 
in a transformer of equivalent output 
rating. Therefore, the autotrans- 
former has a greater short-circuit 
current. In most industrial installa- 
tions, ample short circuit protection 
is provided and this factor is seldom 
important. 

Because of the connection between 
the high voltage and low voltage cir- 
cuits in the autotransformer, any dis- 
turbance in either circuit is trans- 
mitted directly to the other circuit. 
For example, a ground on either 
circuit, acts as a ground on both cir- 
cuits. Autotransformers are usually 
applied for step-up service. Step- 
down service introduces the hazard 
of destroying a load device by having 
a voltage greater than its rated 
voltage impressed on it. 

Unless such considerations prohibit 
the use of autotransformers, there 
are a number of advantages to be 
gained by using them. ‘They are, in 
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the usual order of importance: Lower 
first cost, greater efficiency, smaller 
size for a given output, and better 
regulation. ‘lhe advantage in size 
becomes greater as the voltage ratio 
approaches unity. This is because the 
percentage power transformation is 
the same as the percentage voltage 
transformation with the high voltage 
as the base. The relation 


(Env — Exv) / Exnv 

is called the co-ratio of an autotrans- 
former, and is equal to the ratio of 
capacity to output. The capacity, or 
the equivalent physical size, is equal 
to the product of the co-ratio and the 
output kva. of the autotransformer. 
For example, assume a single-phase 
autotransformer of 25 kva. output 
for 110/120 volts. The equivalent 
physical size is 

(120 — 110/120) 25, or 2.08 kva. 
Then 10/120 — 2.08/25 — 0.0833 
or 8.33 percent voltage and power 
transfermation. 

It is often convenient to combine 
single phase autotransformers for 
operation in three phase banks. Per- 
haps the most common is the wye 
connection with each leg of the wye 
consisting of a single phase auto- 
transformer. The current and 
voltage relations are shown in Fig. 9. 
The ratio of equivalent capacity to 
output is the same as for a single 
phase autotransformer, or 


(E, — Es) / Ey. 

With the wye connection, load- 
ing should be between phases. Un- 
balanced single phase loading, line to 
neutral, causes neutral to shift and 
serious unbalancing of leg voltages. 
If single phase loading line-to-neutral 
is required, the zig-zag or double 


zig-zag connection should be used. 

The single zig-zag connected auto- 
transformer, shown in Fig. 10, is 
particularly useful to establish a 
neutral on a three-wire, three phase 
system. With balanced three phase 
loading, no current flows in the neu- 
tral wire. With unbalanced loads, 
current flows in the neutral but 
divides equally among the three 
phases of the autotransformer. The 
rating of such units is a function of 
the voltage and the unbalanced load 
current only, since the balanced 
three-phase load currents do not flow 
through the windings. 

If, in addition to establishing a 
neutral, a voltage change is desired, 
it is necessary to use the extended 
zig-zag or the double zig-zag con- 
nection. If the voltage change is 
small, not more than 25 percent, and 
the unbalanced current does not ex- 
ceed the balanced load current, the 
extended zig-zag, as shown in Fig. 11, 
can be used. Unlike the single zig- 
zag, the extended zig-zag carries the 
balanced three phase load currents 


as well as the unbalanced load cur- 
rent. The voltage and current rela- 
tions for the balanced three phase 
loads are identical to those for the 
straight wye connection, and the un- 
balanced load current divides equally 
in the three phases as it does in the 
single zig-zag connection. The double 
zig-zag is shown in Fig. 12. The 
current and voltage relations are 
like those for the extended zig-zag. 

The delta connection is sometimes 
used, but its usefulness is limited, 
since a higher ratio than 2 to 1 can- 
not be obtained. To obtain a ratio 
of line voltages higher than 2 to 1 
with the characteristics of a delta 
circuit, it is necessary to use the ex- 
tended delta or the open delta. Be- 
cause of phase shift, the delta and 
extended delta connections do not 
provide maximum economy. 

Two single-phase autotransformers 
connected in open delta as shown in 
Fig. 13, can deliver a load equal to 
86.6 percent of the sum of their 
single-phase ratings. 

Similarly, two single-phase auto- 
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Fig. 13—Two identical single phase autotransformers connected for a three 
phase, open delta bank gives 86.6 percent of combined single phase ratings. 
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Fig. |11—Extended zig-zag connection establishes a neutral and also provides a small voltage transformation. 
Fig. 12—Double zig-zag connection; current and voltage relations are similar to those in Fig. |! on the left. 
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Given: A two-phase 5 wire circuit 
250/115 volts 


Wanted: 230 volts three-phase, 3 wire 


a hase auto-rransformer rating 
is TIS/199 volts 


Le 3 phase load kva 1,000 
. 1.73 x 230 








Fig. |4—Two single phase autotransformers connected for a three phase T-bank. Fig. 15—-Connection to derive three 
phase, 3-wire power from 2 phase, 5 wire circuit. Voltage and current relationships are as shown. 


transformers may be T-connected, as 
main and teaser, as shown in Fig. 14. 
They will deliver a load equal to 
86.6 percent of the sum of their 
single phase ratings if the main and 
teaser are identical and interchange- 
able, or 92 percent if the main and 
teaser are not interchangeable. In 
the latter, the teaser is designed for 
86.6 percent of three phase line 
voltages. 

It should be noted that this con- 
nection operates equally well with the 
teaser designed for 86.6 percent of 
three phase line voltages, or designed 
for full three phase line voltages. In 
both the main and teaser units the 
series windings must carry the high 
voltage three phase line current, and 
the common windings must carry the 
arithmetical difference between the 
high voltage and low voltage three 
phase line currents. 

Phase-changing  autotransformers 
can be used to transform from three 
phase to 3-wire, two phase, or 4-wire, 
two phase, or vice versa. “They may 
not, however, be applied without first 
observing certain precautions. Isola- 
tion between three phase and two 
phase systems, cannot be maintained 
when using phase-changing auto- 
transformers. Isolation between 
phases on the two phase system can- 
not be maintained when using phase- 
changing autotransformers. 

When phase-changing autotrans- 
formers are applied to systems on 
which there are interconnections, or 
interconnections between phases on 
the two-phase system, portions of the 
autotransformer windings will be 
short-circuited and failure is likely 
to occur. 

There is one special connection in 
which a single phase autotransformer 
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can be used for phase changing. As 
shown in Fig. 15, if a 5-wire, two 
phase circuit is available, a three phase 
circuit of the same voltage can be 
derived by using a single-phase auto- 
transformer. 


Established Standards 


transformers in the 
ratings under consideration are usu- 
ally guaranteed by the manufacturer 
to be in conformity with the standards 
of the American Standards Associa- 
tion. Such standards include marking 
of leads or terminals, temperature 
rise, altitude above sea level, induced- 
voltage tests, and insulation-voltage 
tests. 


Dry-type 


Dry-type transformers rated in ac- 
cordance with these standards may 
be used at any altitude not to exceed 
3,300 ft. above sea level, without 
correction of the temperature rise. 


For altitudes exceeding 3,300 ft., the 
loading on a given transformer is 
progressively lowered to compensate 
for increased temperature rise, caused 
by decreased air density at higher 
altitudes. For an approximation, the 
loading should be decreased one per- 
cent for each 330 ft. above 3,300 feet. 

Each transformer winding is re- 
quired to withstand a low frequency 
applied potential test. For windings 
rated 250 volts and less, the potential 
test is 2,500 volts. For windings rated 
251 to 600 volts, the potential test is 
4,000 volts. Each transformer must 
also withstand an induced potential 
test of twice rated voltage. The test 
frequency is at least twice normal so 
that the core magnetization will not 
be above normal. 

Proper application and conformity 
with these standards, insures the user 
of dry-type transformers long and 
dependable service. 


AMONG THE EARLIEST USERS of steam as motive power was a device invented 
by the pagan priesthood about 130 B.C. for opening and closing temple doors. 
This consisted of an altar in the form of an airtight box on the top of which 
a fire was kindled. As the air in the box was heated it expanded and forced 
water out of a hollow sphere below; the water fell into a bucket and when it 
was full, the weight of it operated a rope mechanism which in turn opened 
the doors of the temple. The priests naturally accompanied this phenomenon 
with many mystic incantations so as to have the populace believe the gods 
were actuating the doors. When the air in the altar and sphere cooled off 
the reverse action took place and the doors were closed to the accompani- 
ment of more intonations to the effect that the gods wished the temple closed. 


* * * * 


ALTHOUGH A STICK with a pair of wheels on the end of it was devised by 
the early Egyptians for their youngsters to take imaginary rides, it was not 
until 1816 that Karl Drais, of Germany, invented the velocipede. This 
machine consisted of a pair of wheels in tandem, the front one of which 
was set in fork, and this was pivoted to the connecting bar to which the 
rear wheel was fixed. On the connecting bar there was a seat which the 
rider straddled, and propelled the machine by touching his toes to the ground 
as he took long strides. 
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PLASTICS 


Sandwich construction type laminates 
are being used for the ent re interior 
panelling of the 1947 De Soto station 
wagon, and for the dashboard and 
front seat molding of the 1947 Packard 
Deluxe. Modern Plastics, January, 1947 
reports that these panels are being pro- 
duced on an assembly line basis. The 
sandwich is constructed of high-strength 
paper surfaces, with decorative effects, 
and a core of heavy alpha cellulose 
paper, all impregnated and bonded with 
inexpensive phenolic resin. Production 
costs of these panels are low and they 
have good abrasion-resistant properties. 
The appearance is enhanced by a vari- 
ety of designs that can be reproduced. 


Plastic airplane wings have successfully 
passed load tests, and have proved that 
their very smooth surface is more satis- 
factory for supersonic speeds than the 
riveted-metal wing. The December, 
1946 issue of Plastics and Resins claims 
that these wings can be produced at 
very low costs and in great numbers. 
The greater rigidity of the member im- 
proves the air-flow action of the wing, 
and as a distinct military advantage, it 
has been found that 20 mm. high- 
explosive shells will not be detonated 
in penetrating these wings. 


Current shortages in housing are being 
materially eased by the use of plastics. 
Mass-production methods are produc- 
ing daily enough resin-bonded plywood 
panels to build ten standard houses. Ac- 
cording to the January, 1947 issue of 
Pacific Plastics, high-frequency, heat- 
cured resorcinol resin is the bonding 
agent and no other fastenings are 
needed. In line with this is the develop- 
ment of a process for making a sand- 
wich panel with a phenolic paper honey- 
comb core and aluminum surface sheets. 
J. D. Lincoln, in the Plastics News Let- 
ter, January 6, 1947, describes these 
panels as measuring 8x4 ft. and 2 in. 
thick and claims they can be made in 
one hour. The panels are capable of 


bearing structural loads without the 
use of additional supports. Another in- 
dication of the increased demand for 
phenolic-bonded plywood is the de- 
velopment of low molecular weight 
phenolic resins that can be extended to 
a 6:4 ratio by the use of proteins, corn 
gluten and soy-bean meal. These resins, 
described in the January 1947 issue of 
Industrial and Engineering Chemistry, 
are low in water-soluble content. This 
increases the supply of bonding mate- 
rial, and permits the production of ply- 
wood that will pass all tests for ex- 
terior use. 


Recently developed, and still in the 
laboratory stage, is a new resin that 
can be molded, cast, or used as a pro- 
tective coating. The new resin is claimed 
excellent in adhesion, hardness, and 
chemical resistance, and its color possi- 
bilities are almost without limit. Con- 
trary to conventional resins that cure 
by condensation of the volatiles or by 
polymerization, this resin cures by 
molecular rearrangement and where 
present resins shrink during curing, 
this one expands slightly. Dr. Robert 
Steckler, in the December 1946 issue of 
Industrial Plastics, indicates that this 
resin possesses better dimensional tol- 
erance, and requires less machining than 
the resins now in use. One disadvan- 
tage, however, is a slight softening 
when heat is applied. This softening is 
comparable to that found in the allyl 
resins. Another new plastic material, 
recently developed, is in the form of 
a film or foil, and according to the 
Plastic News Letter, Dec. 16, 1946, 
can be extruded to form a yarn of in- 
creased tensile strength. In the Dec. 30, 
1946 issue of the same magazine, a 
transparent acrylic, designed to filter 
out harmful ultra-violet rays, is also 
discussed. The uses for this acrylic 
are unlimited; ranging from sun-glasses 
to sight-seeing buses, and the ease with 
which it can be worked is stressed. Fur- 
ther indicative of current plastics re- 
search is the development of a new class 
of plastics, fluoro-carbon _ polymers. 
These products, described’ by Dr. 
Mason Benedict in the January 6th 
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issue of Plastics News Letter, are used 
to enclose atom-fission equipment. Al- 
though more details will be available 
when governmental restrictions are re- 
laxed, it can be revealed that one of the 
present commercial plastics, Teflon, is 
a member of this class, being a fluori- 
nated hydrocarbon. 


Bonding qualities of the silicone res- 
ins are proving extremely useful in the 
manufacture of super electrical-grade, 
heat-stable, and 
glass-cloth laminates. D. C. Young and 
M. Kinof discuss this in the Dec. 1946 
issue of Plastics and Resins. The ther- 
mosetting, silicone, laminating resin, 
DC.2103, is recommended for bonding 
finely divided particles. This is a high- 
cost bonding agent and is now used only 
in specialty products. 


chemical-resistant 


Satisfactory bonding of natural and 
synthetic rubbers to metal is expected 
to result in the increased use of flexible 
couplings, anti-vibration mountings, 
sealing devices, and electrical fittings. 
According to T. W. Malden in Plastics 
(British), December 1946, two meth- 
ods of bonding rubber to metal are cur- 
rently in use. One, is a chemical method 
and the other is the use of the physical 
adhesion properties of rubber. The in- 
vestigation of the bonding of various 
types of plastics to metals will result in 
many applications of such products, but 
as yet no successful work has been done. 


Research continues to improve GR-S 
synthetic rubber, one of the great war- 
time achievements. A new GR-S, X- 
285, discussed in the December, 1946 
issue of Industrial and Engineering 
Chemistry, is currently undergoing ex- 
tensive experiments. Among its many 
advantages already noted are: Low 
shrinkage rate, improved wearing quali- 
ties, good surface characteristics, re- 
duced swelling at extrusion dies, and 
good aging properties. These improve- 
ments have come about through the 
addition of small amounts of divinyl- 
benzene during polymerization, thus 
yielding a highly cross-linked prod- 
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uct. The best application of this 
material has been to blend it with stand- 
ard GR-S. As experiments with the 
various blending possibilities continue, 
many more uses can be expected. For 
use with the standard GR-S com- 
pounds, vulcanizing agents of a non- 
sulfur type are discussed in the Janu- 
ary, 1947 issue of Industrial and Engi- 
neering Chemistry. These agents are 
halogenated organic compounds and pro- 
duce vulcanized rubber with much bet- 
ter aging properties, especially at ele- 
vated temperatures, than is possible 
with sulfur-vulcanized rubber. Three 
types of these vulcanizing agents are 
available, each acting differently in re- 
spect to the filler, but all yield high 
moduli and good physical properties. 
In line with this is the plasticization 
of GR-S synthetic rubber and natural 
rubber with hot mastication. This is ac- 
complished by a special class of disul- 
fide catalysts. It is predicted that this 
method will decrease the time and 
power needed for the operation, and 
that improvements can be expected in 
the final quality of the product. Further 
indicative of the synthetic rubber ad- 
vance is the continuous preparation of 
GR-S copolymer on a laboratory scale. 
This points up the ultimate feasibility 
of the process on a commercial scale, 
since it is predicted that with changes 
in temperature and catalyst concentra- 
tion, the same reaction rate can be 
maintained for increased production. 


Machining of plastics can be accom- 
plished more satisfactorily if the process 
for each type of plastic is studied indi- 
vidually, rather than directly applying 
the techniques commonly used for the 
working of woods and metals. Accord- 
ing to Raymond Nauth in the Decem- 
ber 1946 issue of Industrial Plastics 
studies indicate that drills, for instance, 
should have an agle of 25 deg. as com- 
pared with the usual 59% deg. com- 
monly provided. Tungsten-carbide tools 
remain sharp longer and give a better 
finish to the plastics than do the con- 
ventional steel tools. Forming tools are 
different in that they must have a nega- 
tive rake and use centerline cutting. 
Contrary to the ideas now prevalent in 
the industry, tests have shown that 
higher spindle speeds are necessary for 
good work when using thermoplastic 
materials than when using thermoset- 
ting types. Coolants should be used 
more thoroughly and the liquid sprayed 
on the work as well as on the point of 
the tool. The studies of coolants have 
shown that different types of plastics 
are machined better if different types 
of coolants are used. Paraffin oil is by 
far the best coolant for use with Poly- 
styrene, while aqueous coolants produce 
the best results with the phenolics. In 
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line with this is the discussion, and the 
precautions to be observed, on carbide 
tipped tools presented by Carrol Edgar 
and Harold York in the January, 1947 
issue of Pacific Plastics. Here, the su- 
perior cutting characteristics of the car- 
bide tools are emphasized, especially in 
machining glass-filled laminates. Dia- 
mond tools, currently under extensive 
investigation, have been found excellent 
for giving a fine finish with very close 
tolerances, while generating less heat 
and putting less strain on the work. 
The grinding of plastics presents an en- 
tirely different set of problems. Wheel 
speeds, coolants, bonds, and rates of 
feed all contribute to a satisfactory 
operation. It has been found that alumi- 
num-oxide wheels are usually superior 
to silicon-carbide wheels when grinding 
plastics. C. T. Terpo, in the December, 
1946 issue of Industrial Plastics, dis- 
cusses these factors from a production 
standpoint. 


Vulcanization of rubber containing ac- 
celerators has recently been improved 
by a patented process. This improve- 
ment, according to the January 1, 1947 
issue of Plastic Trends, comprises in- 
corporation in a rubber compound of a 
small amount of accelerator composi- 
tion containing as an activator the thio- 
cyanate salt of a guanidine. 


Blended fabrics, containing casein and 
natural animal fibers of approximately 
the same shade, can now be made by a 
recently patented process. The casein 
fibers, treated to form a metallic tan- 
nate, are pad-dyed with the natural 
animal fibers after blending. Neutral 
dyeing acid colors will subsequently 
bring the two types of fibers to an ap- 
proximately uniform shade. 


Vinyl copolymer sheet stock can now 
be printed by three methods. The first 
of these, a rotogravure method, utilizes 
a standard textile printing machine and 
is simplest for a large volume of printed 
sheets where identical designs are 
printed. The second method is screen 
printing, with a separate screen required 
for each color to be printed. The third 
and last, is the transfer process where 
a thermosetting alkyd resin is applied to 
paper and then printed with the desired 
design. According to the November, 
1946 issue of Rubber Age, this can be 
in black and white or in colors. The 
resin film is cast on the paper and then 
stripped off after drying, leaving the 
first print adhering to the vinyl film. 


Plastic, web-like, coatings have been 
used for some time by the Army and 
Navy to protect equipment during long 
storage periods. The benefits of this 
are obvious as the coating excludes dirt 


and moisture, and internal condensation 
is avoided by the use of silica gel. Re 
cently, however, this practice has been 
applied to heavy machinery destined fo: 
foreign delivery. According to the Jan 
uary 2, 1947 issue of American Machin 
ist, a heavy-duty, three-drum sanding 
machine was shipped to Brazil with th's 
protective covering applied, thus mark 
ing the first industrial use of the process 
Since these coatings will retain thei: 
flexibility at a temperature of minus 
40 deg. F, and will not get tacky at a 
temperature of 180 deg. F, no special 
care need be given them in transit. 


NONFERROUS METALS 


Thousands of airplanes, honorably dis- 
charged from military service because 
of battle-fatigue and obsolesence, are 
currently reenacting the swords-into- 
plowshares role. To combat material 
shortages caused by peacetime produc- 
tion, the complete wing and fuselage 
sections of these planes are mechanically 
charged into sloping hearth furnaces 
and melted with reducing flames. Iron 
and copper parts are removed un- 
melted from the furnace, while the 
molten aluminum, suitable for foundry 
use or rolling after the addition of 
alloying elements, is periodically tapped. 
According to the December, 1946 issue 
of Metal Progress, 96 to 98 percent 
reclamation without segregation is pos- 
sible by this process. In line with this, 
is the development of an aluminum 
casting alloy made from airplane scrap 
that contains 3 percent copper and 5 
percent silicon. This alloy, described by 
O. Tichy in the September, 1946 issue 
of American Foundryman, is claimed to 
develop a tensile strength of 78,900 |b. 
per sq. in. in the stress relief annealed 
condition and 33,200 lb. per sq. in. when 
heat-treated and aged. The alloy is suit- 
able for permanent mold or sand cast- 
ing, giving good results in each. 


The increasing demand for brass parts 
made from powdered metals is largely 
the result of recent metallurgical im- 
provements. Among these _ improve- 
ments, is the elimination of dezincifica- 
tion by the use of a moisture-free at- 
mosphere during sintering, and the im- 
provement in tolerances by coining after 
sintering. On radar parts, for example, 
tolerances as close as -+0.001 in. and 
some as close as 0.0005 in., have been 
obtained in all dimensions except those 
parallel to the motion of the compres- 
sion punches. According to the article 
“Copper-Base Powder Metallurging 
Parts” by Herbert Chase in Materials 


and Processes, December, 1946, the 
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chief application for parts such as these 
include bearings, filters, and electrical 
components. For mechanical applica- 
tions, the addition of phosphorous will 
improve the ductility without impairing 
the other physical properties. 


Metallizing, originally developed by Dr. 
M. O. Schoop of Zurich about 1911, 
and formerly used almost entirely for 
the repair of damaged parts, has been 
successfully applied for corrosion pro- 
tection and for building up surfaces to 
withstand unusual conditions. The ver- 
satility of this technique, discussed by 
Roger W. Bolz in the January, 1947 
issue of Machine Design, includes the 
application of metallized copper to glass 
and other insulators for electrical con- 
ductivity or shielding purposes. 


Aluminum wire and cable is challenging 
the position of copper in the domestic 
electrical field, but satisfactory meth- 
ods of joining and the tendency of 
aluminum to cold flow under mechan- 
ical pressure continue as the biggest 
drawbacks to its universal use. Al- 
though burning has proved successful as 
a joining method, the junction must be 
protected against corrosion by tinning 
the copper and by sealing the joint 
against the entrance of moisture. Soft 
soldering, another method of joining, 
can be facilitated by using ultra or 
supersonic waves in tinning the sheet or 
wire. The aluminum is dipped in a 
bath of molten tin or solder and ultra 
sound waves at 300,000 cycles per sec. 
applied so that the sound travels from 
the aluminum to the molten bath. Ac- 
cording to the November, 1946 issue of 
Light Metal Age, this process bom- 
bards the surface of the aluminum, re- 
moves the tenacious oxide film, and 
ultimately bonds a coating of tin or 
solder. Further indicative of the versa- 
tility of aluminum is its use as a struc- 
tural material for roofing and siding. 
In such applications, however, trouble 
arises unless the galvanic action be- 
tween the aluminum and the support- 
ing iron trusses is avoided by insulat- 
ing seals or by cadmium plating at the 
points of contact. Zinc plating can also 
be used to avoid this galvanic action, 
but the protection such plating affords 
is much inferior to that provided by 
cadmium. J. S. Pollack discusses the 
methods for the use of aluminum in 
construction in the December 9, 1946 
issue of Steel and presents safe uni- 
formly-distributed loadings for corru- 
gated aluminum sheet of various gages. 


Removal of wartime security restric- 
tions has revealed many materials and 
equipment items that, as a result of war 
developments, are now ready for exten- 
sive peacetime use. Among these is the 








magnesium primary battery. This unit, 
described by Harold A. Knight in 
“Magnesium in Electrical Batteries,” 
Materials and Methods, December, 
1946, is light in weight, occupies mini- 
mum space, develops high power and has 
infinite shelf life. Other developments 
that received considerable impetus from 
the war include methods for fabricating 
nickel and high nickel alloys. Faced 
with the requirements of high output 
and short time schedules, research was 
called upon to provide faster methods 
of heat-treating, cold forming, machin- 
ing, joining, cleaning, and pickling these 
alloys. Norman E. Woldman points up 
these fabrication techniques in the De- 
cember, 1946 issue of Materials and 
Methods and includes a comprehensive 
discussion on the properties and char- 
acteristics of nickel and the high nickel 
alloys. 


Bearings, the subject of research since 
the invention of the wheel, have grad- 
ually encompassed more and more ma- 
terials in an ever increasing range. 
Latest arrival in this age-old hierachy 
is a solid aluminum alloy bearing suit- 
able for Diesel engine service where 
ordinary types of Babbitt or copper- 
lead lined bearings have proved unsat- 
isfactory. W. Y. Hunsicker in “Alumi- 
num Alloy Bearings,” Machine Design, 
January, 1946, discusses the advent of 
these and further brings out that the 
alloys most widely used for this purpose 
contain tin which, in aluminum, has an 
effect similar to that of lead in the 
copper-base alloys. 


Magnesium, after a thirty year rise 
from the ranks of minor and almost 
unknown metals, is currently one of 
the most important structural, light 
metals. This rise is largely the result 
of fundamental research on its struc- 
ture and properties and of special fabri- 
cation and design techniques adapted to 
its working characteristics. J. W. 
Meier discussed various research as- 
pects that have recently been undertaken 
on magnesium and its alloys in the 
January, 1947 issue of Modern Metals, 
and points up the developments that 
have resulted in the expanding uses of 
this material in peacetime markets. In 
line with this is the development of 
Heliarc welding on rolled as well as 
cast magnesium sections. This process 
was used extensively during the war 
on such items as fuel tanks, aircraft 
seats, and aircraft structural assem- 
blies that were fabricated from magne- 
sium tubing and sheet, because the cor- 
rosion problems associated with the 
use of flux prohibited the use of other 
welding processes. H. T. Herbst de- 
scribes the production applications of 
the Heliarc welding process in the Jan- 
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uary, 1947 issue of Modern Metals 
and discusses the factors that lead to the 
development of this joining technique 
for light metals. 


Aluminum shingles are now being man- 
ufactured in a variety of colors. The 
process, as outlined in the January 2, 
1947 issue of American Machinist, 
utilizes special synthetic baked enamels, 
and the treatment of the metal before 
painting. All oil must be removed from 
the metal by an alkaline cleanser, and 
the shingles rinsed and dipped in an acid 
bath. This slightly etches the surface 
and leaves a film coating on the surface; 
very similar to the coating left when 
steel is bonderized. The paint is then 
sprayed on as the shingles move by on 
a conveyor. 


Aluminum solder, using neither flux nor 
a substitute, is finding many uses in 
manufacturing jobs using aluminum and 
copper, with the danger of corrosive 
agents weakening or marring soldered 
joints reduced to a minimum. The new 
material discussed in the January 11th 
issue of Business Week, is useful in sol- 
dering sheet aluminum, electrical wiring, 
tubing, and many other forms. In line 
with this is the discussion on silver-braz- 
ing alloys in the February, 1947 issue of 
The Welding Engineer. These alloys, 
available in rod, wire, strip and powder 
form, have low-melting points and are 
claimed to provide high strength brazes 
on non-ferrous metals. They can be 
applied in many ways for increased 
adaptability, and have a high capilary 
action that enables ready flow into close 
fitting joints. Melting at 1,143 deg. F, 
this alloy bonds at base-metal temper- 
atures of 940-1,143 deg. F. Weld de- 
posits have a shear strength of 120,000 
lb. per sq. in. and resist corrosion. 


Silver brazing alloys, long a bulwark 
in the metal fabrication field, have un- 
dergone considerable research of late. 
Among other things, it has been found 
that the successful use of these alloys 
requires that the clearance between 
members to be joined be held to 0.002 
to 0.003 in. if maximum strength is to 
be obtained. John B. Ross in the article 
“Design for Silver Brazing with In- 
duction Heating,” Jron Age, December, 
1946, discusses the use of these alloys 
and points up the fact that failure in 
shear occurs if excessive clearances are 
used. In silver brazing, it is entirely 
possible to obtain joints with a tensile 
strength of 100,000 to 135,000 Ib. per 
sq. in. using a silver solder with a ten- 
sile strength of 45,000 to 60,000 |b. per 
sq. in. To accomplish this, the depth 
of lap should be three times the thick- 
ness of the thinnest member for best 
results. 
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PRECISION SNAP-ACTING SWITCHES — It 


A. L. RICHE 
Vice President, Micro Switch 


A group of diversified industrial applications requiring exact control and accurate repeat- 
ability. Examples discussed include program control of automatic laundry washer, auto- 
matic work cycle control for milling machine, sequence timing of plastic molding press, 


and automatic 


SMALL precision type snap-action 
switches are increasingly being used 
in new industrial products and added 
to old designs to provide automatic 
control and operating safeguards. 
‘Typical diversified applications in- 
clude automatic control of work 
cycles, sequence timing, precision 
dimensional gaging, and limit and 
safety controls. To a degree, the 
following examples exemplify the 
principles of proper application of 
precision. type switches discussed in 
Part I on page 135 of the Feb. issue 
of Propuct ENGINEERING. 

A simple yet important precision 
switch application that is being built 
into industrial machines is the detec- 
tion of the absence or misplacement 
of work, or defect in the work. It is 
especially used on _ high _ speed 


machines, such as bottle fillers where 
a switch permits discharge of liquid 
only when a bottle is in exactly the 
right position to receive the liquid. 


Flexible Program Control 


A more complicated example of 
control is a unique method for pre- 
cisely controlling the complete wash- 
ing cycle of a commercial laundry 
washer, Fig. 1, using a perforated 
cardboard shell mounted on a timing 
drum to operate 16 precision type 
switches in the proper sequence. 

The perforated cardboard cylinde: 


Fig. |—Switches and cams automati- 
cally control the washing cycle of this 
laundry washer. (A) For operating 
convenience, all controls are grouped 
at one end. (B) Interchangeable per- 
forated cardboard cylinders on tim- 
ing drum operate 16 precision 
switches. (C) Cam opercted preci- 
sion switches limit travel of different 
machine elements. 
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inspection for defective or 


wrinkled 


has divisions in minutes that start 
and stop each operation in the wash- 
ing cycle. A completely automatic 
sequence is obtained by the switches 
operated by the punched cardboard 
cylinders and limit switches operated 
by cams. After the start button is 
pressed, the washer adds the proper 
amount of supplies into the pre-mix- 
ing tank, fills that tank with the 
right amount of water at the exact 
temperature for the cycle, and dumps 
it into the shell. The cylinder starts 
and during that washing cycle, water 
and supplies are prepared in the pre- 
mixing tank for the next cycle. The 
cylinder stops, is drained, the pre- 
mixing tank is emptied into the shell, 
and the next cycle starts. This is 
repeated for every cycle. 

As shown in Fig. 1(B), the door of 
the time cycle control is opened and 
the bank of 16 switches are moved 






signatures 


of magazines. 


away from the drum. When the 
door is closed and the switches are 
in their normal position, the rollers 
carried by leaf spring actuators on 
the switches ride against the surface of 
the cardboard drum shell. The 
switches are normally held actuated. 
As a perforation in the cardboard 
drum comes under a switch roller, 
it allows that switch to snap to its 
normal position and remain there 
until the length of the perforation 
passes from under the roller. ‘The 
functions controlled are shown on the 
cardboard shell and are also on the 
adjacent row of pushbuttons shown 
in Fig. 1(C). The pushbuttons pro- 
vide manual control of each phase of 
the washing cycle for special wash- 
ing formulas that are not reduced to 
a normal automatic control cycle. 
The advantage of this cycle con- 
trol is the ease with which any 
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desired program can be set up by 
perforating a cardboard shell and the 
assurance that when such a program 
has once been established, it will be 
satisfactorily repeated whenever that 
particular cardboard shell is in posi- 
tion on the drum. A separate cy]l- 
inder is cut for each preferred form- 
ula for washing linens, silks, colors, 
or family flat work. 

The precision switches shown in 
the control box, Fig. 1(C), are cam 
driven and serve as limits on the 
motion of such elements as actuators 
for steam valves, water temperature 
controls, and water level in the 
washer. Typical use of a precision 
type switch for safety is shown by 
the switch in the upper center of Fig. 
1(C). This switch is operated by 
a rod connected to the cover of the 
washing drum. Another switch is 
mounted within the bracket at the 
left end of Fig. 1(B) and is actuated 
by the cover to the time cycle unit. 
The two safety switches are con- 
nected in series for protection. 

This automatic commercial washer 
illustrates the versatility of this type 
of switch, since the designer of the 
machine has utilized switches to per- 
form functions that require accurate 
repeatability, operation by small 
motion, a high degree of reliability, 
and small physical size. 

Temperature and humidity condi- 
tions on a machine of this type impose 
special requirements, which have been 
met by making the mounting brackets, 


operating arms, and rollers of the 
switches from stainless steel. This 
precaution has resulted in long life 
and satisfactory switch performance. 


Cyclic Control 


A somewhat different type of ap- 
plication of precision, snap-acting 
switches for sequencing is for the 


control of work cycles combined with 
the limiting of motion of machines. 
For example, a machine for milling 
flanges on the fins of an airplane en- 
gine uses switches to xamtrol both the 
sequence of motions and depth of cut. 
There are many ways precision snap- 
acting switches can be actuated to pro- 
vide cyclic control of machines. De- 
pending upon the overall design, the 








Check List for Precision Switch Application 


MECHANICAL 


Actuated by 
Cam or slide 
Hand 
In line motion 
Liquid or vapor filled bellows 
Thermostat 


Rate of actuation travel 
Micro-motion, extremely slow 
Normal 
Impact 


Operating force available 
Operating motion available 
Degree of precise repeatability required 
Frequency of operation 

Mechanical life required 


Operating Conditions 
Environment 
Temperature 
Humidity 
Oil or other liquid splash 
Corrosive atmosphere 
Explosive atmosphere 
Atmospheric pressure or altitude 


Presence of vibration 


Mechanical protection required 
Built-in overtravel required 


Conduit or other type of connection 


ELECTRICAL 
Power source 
D.c. 
A.c. and cycles 


Circuit voltage 


Load current 
Maximum inrush 


Normal full load 


Switching arrangement 
Single or double throw 
Normally open or normally closed 
Make; break; 
or make and break circuit 
Split contact 
Make before break 


Type of load 
Motor 
Incandescent filament 
Relay or solenoid 
Heater : 


Contact life required 
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Fig. 2—Cam controlled switches provide proper sequence 
control for automatic milling. Fig. 3—Chain belt system 
for adjustable cycle control of a plastic molding machine. 


switches often are operated by levers, 
dogs, plungers, or cams. 

The four switches shown in the 
upper part of Fig. 2 and the one in 
the lower left corner are each oper- 
ated by a carefully guided plunger 
that in turn is operated by the cam 
faces of dogs carried on the rotating 
part. This insures operating force be- 
ing applied to the switch in direct line 
with the switch plunger for accurate 
repeatability of action. The switch 
itself is mounted by nuts on the 
threaded stem to allow adjustment of 
the switch relative to the 
travel of the actuating force. Four 
of the five grouped switches shown at 
the lower center are operated by a 
single leaf spring having a stepped 
face toward the switch plungers. The 
leaf spring is driven by a single 
plunger that is actuated by cams of 
different heights. Differences in the 
height of the cams determine whether 
one, two, three, or all four switches 
are actuated. The fifth switch in the 
assembly is a safety stop actuated by 
a separate plunger. 

An interesting example of sequence 
timing is used by the automatic plas- 
tic molding press shown in Fig. 3. 


position 
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Each phase of the molding cycle is 
controlled by a separate chain belt, 
the motion of which carries a button 
against an adjustably positioned cam 
to operate a precision electric switch, 
as shown. At the end of each adjust- 
able cycle, controlled by one half rev- 
olution of the chain, a fixed position 
switch is operated by a button to stop 
the chain driving motor and _ start 
timing of the “cure.” 

In addition to the conventional 
method of providing an adjustable 
limit switch for stop of the ram mo- 
tion, a second switch is used to insure 
safety stop in the event of misadjust- 
ment of the limit stop or damage to 
the limit switch. ‘This is done by an 
ingenious inter-linkage of the switch 
actuators, plus. positive drive of the 
safety switch. ‘This double safety is 
useful on many limit devices. 

As the die opens at the end of the 
“cure” cycle, an air cylinder moves 
nozzles forward to blow the molded 
parts from the cavities. In its normal 
position the jet head holds a die-cast 
inclosed switch in closed circuit posi- 
tion. Forward motion of the nozzle 
head releases the switch to open the 
circuit of the die-closing motor. Thus 


Propuct ENGINEERING - 








Py 


Co. 






Precision switch controlling 
one phase of adjustable 
sequence~~___ 





/ 
/ 
‘ 


4 
Precision switch ‘© : 
operated at end 
of adjustable ) 
sequence 


















Control,’ 
button. 
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F. J. Stokes Machine Co. 


the die can never close on the nozzles, 
should the pneumatic system fail to 
return the jet head. 

In contrast to governing flexible 
work cycles is the use of precision 
type switches on a machine that as- 
sembles and stitches magazines at the 
rate of 100 books per minute. Such 
high speed operation is practicable only 
because automatic controls prevent 
defective assemblies from reaching the 
delivery table. 

Folded parts of the magazine, or 
“signatures,” are checked by 
sion type switches as they are fed 
from the box reservoirs. 


preci- 


Absence of 
a signature, or one that is wrinkled, 
operates a switch that stops the entire 
machine. When signatures have ac- 
cumulated one on top of another to 
make a complete book, the assembl} 
passes through the gaging head shown 
in Fig. 4, which checks it for thick- 
ness. Too many or too few sheets oper- 
ate switches that prevent stapling of 
the books and deflect its delivery to 
a rejection table. If sheets on the car- 
rier chain jam, another switch detects 
that condition and stops the machine. 
Switches check tension on 
the stitching wire and stop the ma- 
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shown in Fig. 5, illus- 

factors that 
contributed to its success by taking 
full advantage of the capabilities ot 
precision switches. 

For example, the application of op- 
erating force is in line with the oper- 
ating plunger of the switch, which 
insures minimum wear between the 
operating element and the _ switch 
plunger. Avoidance of side thrust 
also reduces wear between the switch 
plunger and its guide. The operating 
force is transmitted to the actuating 
element through a spring that is pre- 
loaded with a force greater than that 
required to operate the switch but 
capable of permitting overtravel of 
the driving element beyond the point 
at which the switch operates. How- 
ever, there is no excessive force on 
the switch to distort the mounting 
and alter the switch position in rela- 
tion to reference surfaces. In addi- 
tion to these two prime essentials for 
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>. best switch performance, the design 
Lifting of lever er provides ready means for calibrated 
raises a control pin to “down” adjustments for the dimension to be 
— nw Bes measured and of the tolerance and 
easy clamping of the micrometer 
) T. W. and O. B. Sheridan Co. and Adcraft Co. screws. 
ne Oo. Fig. 4 — Gaging head for checking correct thickness of printed signatures. In the gaging operation, the piece 
zles, ; . 
‘1 to chine if the coil snarls or runs out. 
In the final operation a switch stops, Cz) 
xible the machine if a magazine is not 
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t as proper time. normally a 
ia Precise switch functioning is re- a Power 4\\ i 
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of mica to be checked is hand fed 
onto the anvil. Foot or knee trip 
releases the solenoid-held ram to de- 
scend by gravity at a speed controlled 
by the air dash pot. The position in 
which the two gaging switches are 
found at the bottom of the stroke pre- 
sets the air valve control relays. As 
the plunger is raised, a jet of air 
moves the mica into one of the two 
pockets. If the piece is too thick or 
too thin, neither or both switches, re 
spectively, are operated. In either 
event, setting of the air valve relays 
is such as to move the piece to the 
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Fig. 6—Lathe carriage traverse limit switch with synthetic rubber seal. 


Switch tnormally held 


| operated by spring pressure 
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| lever tn this direction 
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Monarch Machine Tool Co. 


Fig. 7—One arrangement of template-operated tracer head that uses two 
precision switches, operated by horizontal and longitudinal motion. 


pocket. Operation of one 
switch, with the other in its normal 
position, indicates that the mica is 
within tolerance thickness and the 
air jet blows the mica to the accept 
pocket. With completely automatic 


rej ect 


operation the machine can gage 3,600) 
pieces per hour. 

The problem of gaging resilient 
pieces, either as pure inspection or as 
part of a forming operation can be 
solved by simple switch assemblies. 
The principle of operation requires 
that the piece itself be electrically 
conductive, so that its dimension may 
be observed at the instant of separa 
tion from a gaging contact. By this 
means, measurement is made with sub 
stantially zero force applied to the 
piece. 

Unlike optical projection methods, 
which are often used in gaging resili 
ent parts, precision switches are use 
ful in locations that cannot be reached 
by a light beam for projection. Also, 
unlike optical methods, this gaging 
procedure can be made a part of form 
ing operations to give instant auto- 
matic inspection at the time the work 
is done. 

On the lathe shown in Fig. 6, the 
switches are in die-cast housings and 
the operating plungers have synthetic 
rubber seals to prevent entrance of 
oil, coolant, and dirt. The switch 
function is to control motion of the 
slide when the adjustable studs actu- 
ate the switches at the ends of the 
travel. An auxiliary actuating plunger 
is unnecessary because the slide mo- 
tion itself is linear and in line with 
the switch plungers. 

The use of precision, snap-acting 
switches makes possible automatic 
lathe turning operations. The tem- 
plate is followed by fingers that ac- 
tuate switches. These switches control 
motions of the cutting tool slides. As 
shown in Fig. 7, in one design the 
control head uses two switches. 

These examples of precise measur- 
ing, controlling, cycling, and safe- 
guarding machines are only a few of 
the many functional uses of precision 
type snap-acting switches. Because of 
their small size, performance charac- 
teristics and application versatility, 
engineers will probably continue to 
find such switches increasingly useful, 
especially for built-in designs. 





THE TOTAL OUTLAY of the United States in research and development now 
amounts to more than a billion dollars a year. This is about three times as 
much as we were spending yearly before the war. Prior to 1940, the govern 
ment provided about 20 percent of the total of 345 million. Now, the govern- 
ment’s share is 50 percent. —VANNEVAR BusH, 

Director, Office of Scientific Research and Development 
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Fig. I—{A) Two pieces of propeller hub before pressure welding; (B) After pressure welding. 





Oxyacetylene Pressure Welding 
As It Affects Design 


R. A. KUBLI 
The Linde Air Products Company 


Data covering the metals that can be pressure welded, details of joint 
construction and other design information. Pressure, heat input and short- 


ening, which are taken as the independent variables of the welding process, 


are discussed. Time and temperature are treated as dependent variables. 


OXYACETYLENE pressure welding is 
a commercially practical process of 
joining metals at subfusion tempera- 
tures under controlled conditions of 
heat and pressure. Welds of this type 
are produced by abutting the pre- 
viously prepared faces of the pieces 
to be joined under a nominal pressure 
of 3,000 lb. per sq. in. and while 
this pressure is maintained, the metal 
in the narrow zone containing the in- 
terface is heated to a temperature of 
approximately 2,300 deg. F., using a 
multiflame heating blowpipe. When 
this temperature is reached the heated 
metal upsets. The combination of 
heat, pressure, time and hot working 
give a quality weld, equivalent in 
nearly all respects to the base metals. 

Tubing, piping, shafts, railroad 


rails, machine tools and fixtures, 
valves and valve stems, gas cylinders 
and small tanks, aircraft landing gear 
and propeller hubs and many other 
highly stressed machine and structural 
components are among the commer 
cial applications of pressure welding. 

Pressure welding is not limited to 
the butt welding of circular parts. 
The SAE 4340 propeller hubs shown 
in Fig. 1 are being fabricated by join- 
ing two forged halves, thus saving 
many pounds of alloy steel and nu- 
merous additional forging and ma- 
chining operations. Four bladed pro- 
peller hubs are also produced in this 
fashion, and when required “high 
hat” shaft extensions can be joined 
to the hubs of both types. 

Pressure welding is applicable to 


Propucr ENGINEERING — Marcu, 1947 





the complete range of carbon stéels 
and to many alloy steels, which are 
often welded only with great difficulty 
in processes embodying a molten in- 
terface. Many nonferrous metals 
such as copper, brass and Monel can 
also be pressure welded with excellent 
results. Aluminum has given only 
fair indication of success in experi- 
mental work. Dissimilar materials 
may be joined provided they have 
reasonably the same plastic range 
and have the property of forming an 
alloy. The bond produced will usu- 
ally be stronger than the weaker base 
metal. 

There are two principal differ- 
ences that distinguish pressure weld- 
ing from the fusion welding methods 
of joining metal; namely, lack of the 
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Table I—Tensile Properties of Pressure Welded Joints, Reinforcement Removed 








SAE 1045 


Nominal Composition, 
percent 


Cr Ni Cu 





SAE 1080 | 





SAE 6115 
V = 0.16 


NE 8630 
SAE 4340 
BFD Drie Steel 


Corten 


Silten 


Yoloy 0.15 





Grade ““B” 
Seamless Tube 


0.27 0.59 


Condition 


— lb. per — Ib. per 
sq. in. sq. In. 


Base metal 
As welded 
~ As welded 
Base metal 
As welded 
Torch normalized 
Base metal 


As welded 


Torch normalized 
Base metal 


As welded 


Torch normalized 
As welded 
Heat-treated 
As welded 


Torch normalized 




















Yield 


Point, 


37,000 62,000 35.0 
32,400 54,250 24.5 
36,000 72,400 | 


Elonga- Reduc- 
tion in. tion in 
2 in., Area, 
percent percent 


Tensile 


Strength, Fracture 


62.0 
Base metal 
Base metal 





~ 48,500 90,000 19.0 
51,000 
‘| 61,450 
~ §2,000 82,000 30.0 
56,000 86 ,000 
49,000 72,500 
57,200 
56,000 500 
53,000 
70,900 
186,500 200,100 
“62,500 104,300 
113,000 178,000 


97,000 32.0 
130,250 14.8 


Base metal 
Base metal 


23.0 
26.5 
39.5 
19.0 
28.0 


Base metal 
Base metal 
900 inn 
Base metal 
75,500 : Base metal 
103 ,600 


Base metal 
Base metal 


Base metal 
Base metal 





Base metal 
As welded 
Torch normalized 
Base metal 
Torch normalized 








55,000 
51,000 
49 100 
~ 55,000 
43 400 


70,000 — 
80 ,000 
78 650 
~ 90,000 
87,800 


Base metal 
Base metal 


Base metal 





Base metal 
As welded 


Torch normalized 


64,000 
54,000 
62 ,000 


82,000 
77,500 
76,700 


Base metal 
Base metal 





Base metal 


As welded 





Grade ““D”’ 
Seamless Tube 


0.46 1 





0.75 18.0 
max. 


~ 0.14 0.60 
max. 


~ 0.10 


18-8 Stainless 
Steel Cb. 
Chrome-Moly 
Steel Tube 
Gear Rim 
Stock 


Armco Iron 


~ 0.34 1.05 | 





0.01 0.02 





034 695 


40 ,000 


70,000 
72,200 


Base metal 





Base metal 
As welded 


Furnace normalized] 76, 


95 ,000 
99 ,600 
102 ,200 


Base metal 
Base metal 





Base metal 


As welded 


32,500 


87,500 


80,000 « At joint 





As welded 


Furnace normalized 


As welded 


Furnace normalized 





76.000 Base metal 
Base metal 
Base metal 
Base metal 





Base metal 
As welded 


Torch normalized 








26,500 
21/000 


38 000 
47 000 
47,500 


Base metal 
Base metal 








Note.—* Bend elongation across 1/2 in. centers 





element of fusion and the absence of 
added weld metal. The act of fusion 
sometimes leads to impairment of the 
quality of the base metal through 
overheating, burning, grain growth 
and other high temperature reactions. 
Medium and high carbon and alloy 
steels are especially sensitive to high 
temperature conditions. 

These reactions, such as burning 
of high carbon steel, occur only at 
temperatures close to the solidus 
where they are difficult to control 
in fusion welds. In pressure welding 
the temperature within the weld zone 
rarely exceeds 2,300 deg. F. and 
therefore the base metal is not sub- 
jected to the effects of extremely 
high temperatures. For this reason, 
even high carbon and alloy steel can 
be pressure welded to obtain welds 
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that will have physical properties 
closely equivalent to those of the 
original metals. 

Fusion welds, except the nuggets 
formed during spot welding, usually 
include additional weld metals and 
therefore have a heterogeneous struc- 
ture. There are instances in which 
weld metals having the properties de- 
sired in the completed assembly can- 
not be readily obtained in fused weld 
metals. For this reason some special 
base metals are restricted in their use 
for construction purposes. 

A large part of the successful ap- 
plication of the pressure welding 
process is dependent on proper de- 
sign of the job. Opposing faces of 
the pieces to be joined should be prac- 
tically the same in size and shape. 
Sections having different geometry 


may be joined by tapering the heavier 
part to the same shape or thickness 
as the smaller at the interface. A 
most important point to consider in 
regard to the shape being welded is 
whether the abutting ends can be 
gripped with adequate force and the 
joint surrounded and heated by a 
multiflame heating head without in- 
terfering with the application of 
pressure. 

Preparation of the pieces for weld- 
ing, means of applying pressure dur- 
ing welding and controlled heating 
of the joint area are prime requisites 
of good welding. In welding low car- 
bon steel the essential requirement is 
cleanliness. Satisfactory welds in this 
material have been made on a produc- 
tion basis even with poorly fitted 
pieces. Weld faces should be machined 


Propucr ENGINEERING — Marca, 1947 








ier 








to a fairly smooth, clean finish and 
should be held in close abutment in 
the welding machine. Higher carbon 
steels, and more particularly the alloy 
steels, require close mating and 
smooth faces as well as cleanliness. 
Faces should be cleaned with a grease 
solvent before welding. To this ex- 
tent the quality of the end prepara- 
tion required is dependent on the com- 
position of the metals being joined. 

Final properties of the weld are 
dependent on the original properties 
of the component metals. In some 
instances the heat of welding modifies 
the properties of the parent metals 
by annealing. Chemical composition 
is unaltered since no filler metal is 
added. Stainless steels therefore re- 
tain corrosion resistance provided the 
materials were stabilized to begin 
with. When the welding process does 
change the state of the materials, the 
original properties can be restored 
by a suitable heat-treatment. A sim- 
ple flame normalize, using the weld- 
ing equipment as a heat source, is 
often completely effective in restor- 
ing the original properties. 


Typical Test Data 


Data from tensile and bend tests 
of a number of typical pressure welds 
are compiled in Table I. These data 
have been selected to cover a repre- 
sentative range of carbon and alloy 





(C) After furnace normalizing. 
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Table li—Results of Krouse Fatigue Tests (Ten Million Cycles) 
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Approx. 
Dimensions 


of Weld 


Material 


1/2 in. x 6in. 
1 1/4 in. diam. 


Low-carbon plate.......... 


SAE 1045... 


LES ee ee 112-lb. rails 
Tool joints low-alloy steel...] 5 in. dia. and 
5/8 in. wall 
Stainless alloy to nickel alloy} Bars 

VE 1/4 in. plate 


1/4 in. plate 











Endur- Ratio of 
Heat— ance elastic 
Treatment Limit, limit to 
lb. per tensile 
sq. In. strength 
As welded 32 ,000 49 
Torch normalized 48 ,000 47 
Water quenched and 
drawn 58,000 48 
“Forch normalized. .. 56,500 43 
Torch normalized 50,500 47 
As welded 50,500 52 
As welded 56,000 54 
After heat-treatment} 72,000 45 
After heat-treatment} 55,000 53 











steels in common commercial use. 

Fatigue tests demonstrate clearly 
the excellence of pressure welds. In 
Table II are given the results of 
fatigue tests made on various commer- 
cial, welded materials. “These tests 
were run in a rotating fatigue-testing 
machine of the cantilever type with 
the weld interface placed at the point 
of maximum stress. 

Typical hardness surveys from 
representative pressure welds in SAE 
3140 steel are shown in Fig. 2. These 
data cover the hardness of this low 
alloy steel in three states; namely, 
as welded, flame normalized and fur- 
nace normalized. As the rate of cool- 
ing subsequent to pressure welding is 


Fig. 2—Hardness surveys, Rockwell B scale, over pressure welded regions: (A) As welded; (B) After flame normalizing; 





low, a small spread of hardness oc- 
curs. Flame normalizing serves to 
reduce this spread to a still smaller 
degree and furnace normalizing the 
entire part completely obliterates the 
heat affected zone, producing a flat 
hardness traverse. 

There are five variable factors in 
making a pressure weld ; namely, pres- 
sure, heat input, shortening, tempera- 
ture and time. In practice only the 
first three are directly controlled. 
Temperature is not easy to measure 
with precision. It depends upon heat 
input, and the amount of shortening 
under pressure is indicative of a suit- 
able subfusion temperature. Likewise 
time is a function of heat input so 
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that the control of it is also indirect. 
It is essential that pressure, heat input 
and shortening be controlled ac- 
curately to produce consistent results 
in repetitive operation. 


Pressure and Its Application 


The pressure selected for pressure 
welding depends first and foremost 
on the composition of the materials 
being joined. High strength steels re- 
quire high pressures. Steels bearing 
chrome or nickel and the nonferrous 
materials may require pressures as 
high as 9,000 Ib. per sq. in. Ordina- 
rily, low carbon steels are welded at 
pressures between 2,000 and 4,000 Ib. 
per sq. in. Even lower pressures have 
been used. 

A second consideration is the size 
and shape of the parts and the posi- 
tion of the joint. Both of these items 
should be observed by the designer 
in making a selection of the pressure 
to be specified on the production 
drawing. For example in welding a 
certain alloy, a pressure of 8,000 lb. 
per sq. in. might be desirable. But, 
if the parts were thin sheet materials, 
this pressure would not be feasible 
because buckling would occur. A 
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compromise pressure would have to 
be worked out and specified on the 
drawing. 

Pressures are frequently applied in 
stages, the simplest procedure being 
a constant pressure applied during the 
entire period of welding. This is 
generally limited to solid sections of 
low carbon content. A second and 
more common procedure is a two- 
stage cycle: The parts are abutted 
under an initial pressure of approxi- 
mately 1,000 lb. per sq. in. and 
heated. When a temperature of 
about 2,300 deg. F. is reached, a 
final pressure of 4,000 lb. per sq. in. 
is applied to cause upsetting. The 
linear shortening that accompanies 
upsetting determines the completion 
of the weld. In practice, this pro- 
cedure has been used on more than 
half the present-day pressure welding 
applications, covering the range of 
carbon steels and many low alloy 
steels. 

On chromium and _nickel-bearing 
steels the order in which the two 
pressures are applied is sometimes re- 
versed to secure close initial abutment 
of the weld faces and yet to prevent 
upsetting at too low a temperature. 
A three-stage cycle consisting of a 


Fig. 3—Platen type presses can be equipped for pressure welding short parts such as the valve shown here. 
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high initial pressure, a moderate in 
termediate pressure and high final 
pressure is sometimes used. The aim 
of all such procedures, of course, is 
to achieve intimate abutment, upset- 
ting and shortening at suitable tem 
peratures, particularly on the more 
difficult steels and sections. 

Press capacity should be selected 
on the basis of 6,000 lb. per sq. in 
on the work cross-section for carbon 
and low alloy steels and on the basis 
of 10,000 lb. per sq. in. for the high 
alloy steels. The type of press 
selected will depend on the shape 
of the parts. For joining long, con- 
tinuous members such as railroad 
rails, overland pipe and ordinary 
commercial pipe, presses equipped 
with side clamping jaws are necessary. 
Several types of these machines have 
been designed and are available for 
current use. In joining short pieces, 
such as drills, Fig. 3, a load may be 
applied from the ends using a simple 
platen press. 


Heating and Its Control 


The quantity of heat supplied is in 
direct proportion to the dimensions of 
the pieces being welded. Larger parts 
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obviously require greater heat than 
smaller ones. Since oxyacetylene heat- 
ing is entirely exothermic, the rate at 
which a metal may be heated is de- 
pendent on the conductivity of the 
metal. It has been determined ex- 
perimentally that about one minute of 
time is required for each quarter inch 
of thickness being welded. For ex- 
ample, a pipe with a % in. wall thick- 
ness would require 2 min. to weld. 
A % in. plate heated from both sides 
would require only 1 min. In ap- 
proximating welding times for solid 
rounds, the radius should be used as 
the thickness. 

In practice, best results are ob- 
tained by using multiflame, oxyacety- 
lene burners shaped to suit the geome- 
try of the part. These are similar to 
those used in flame hardening opera- 
tions. Flames are generally directed 
only against the external surface of 
tubular sections. Heavy wall tubes 
can be welded most economically by 
using internal heat also if other con- 
siderations make this feasible. Plates 
are usually heated from two sides. 
Irregular shapes can also be heated 
by proper head design. 

Multiple-tipped blowpipes for the 
pressure welding of a standard rail- 
road rail exemplify heating over the 
areas to be welded, Fig. 4. The prob- 
lem is to adjust the size and position 
of torch tips, which are directed 
toward the various parts of the rail, 
so that the rate of heat input will be 
so proportioned that all points of the 
weld section reach the welding tem- 
perature at practically the same in- 
stant. Otherwise there would be 
under or overheating of some spots 
in the area to be welded. 

In most instances movement of the 
torch with respect to the metal is ad- 
visable. For cylindrical objects such 
as tubes, the material may be caused 
to rotate with the torch stationary, 
or the welding head may be given a 
slight circumferential oscillation. By 
moving the welding head back and 
forth across the interface, the zone 
can be heated by a torch of smaller 
dimensions than would be necessary if 
the entire width of the heated zone 
Were covered with stationary welding 
flames. Moving the torch also per- 
mits the use of larger heating flames 
with subsequent economy in welding 
Cost and a reduction in the time re- 
quired for the operation. 

Linear shortening required to pro- 








Table I1l—Joint Dimension Data for Pressure Welds With Plain Butt Joints 











tL Lt 














Material Length of 
Thickness, Upset, 
T, in. L, in. 
1/8 3/16 to 1/4 
1/4 5/16 to 1/2 
3/8 9/16 to 5/8 
1/2 3/4 to 7/8 
3/4 1-1/16 to 1-3/16 
l 1-1/4 to 1-1/2 








Approx. Height Toral 
of Upset, Shortening, 

H, in. in, 
1/16 1/8 
3/32 1/4 
1/8 5/16 
3/16 3/8 
1/4 1/2 
3/8 5/8 








Fig. 4—Multiple-tipped blowpipes, such as the arrangement shown here, are 


used to get an even rate of heat input at all points within the metal. 


duce upsetting is a function of the 
material dimensions. The shortening 
required is of prime interest to the 
designer since its effect on the part 
length and its position on the welded 
part may affect the part design. Table 
III shows the shortening required 
and the upset dimensions resulting 
therefrom for various metal thick- 
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nesses. It should be noted that the 
upset material is sound metal and, if 
it does not interfere with the con- 
templated usage of the part, can be 
left in place without harm. Shorten- 
ing also provides a convenient de- 
termination of the completion of a 
weld since it can be readily measured 
by the press platen travel. 
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Design for Sheet Metal Boxes 












































T 
| se Blank 
i | Z ene to Square corners.. 
| ! ir? ~ 
a L 3 g - JZ ~~ 
as aa it | Pee ees FORT SS eee r To. te 7 ra | 
| x ' 
| | 
| 
| | | 
1 | 
| | | ! 
| | , 7 
, a yl 
----—4------—------k----4 | x 
Fd i’. | Folded and 
/ | | \ | ! spot welded 
4 | | i I 
. | ' \ 

l J 





Folded and Spot Welded Corners 
Blank partially folded 























' 
| “Flat bottom’ seam detail Round! corners 
' a 
- must be 
H aa used 
' 
~~ il 




















Leak-proof construction. Top edge can be 4 
curled over heavy wire for additional stiffness 


\ 























\ ; / >rior to seamin Sl 
Sides and bottorn prior fo seo AS Standard _-- 


single lock seam 
Bo Horm 






























































































































































Construction limited to light t— 7 
weight stock. Costs more to —I 
- \ Ne Modified ania Maciaee than standard can A Side --- 
Erids \form with bottom, because body must be 7wo seamin 
folded hernmed mounted ona plug for seaming rol/s$ curl, therr tlatter cur/ ; 
Box With Ends Folded on Outside ends by rollers. Operation is slow. same machine 
Flat Bottom With Rolled Seam 
Blank 
prior to Blark 
folding prior to 
T T folding 
i ai Sl al a Oe 1 | 
| { ; | | 
| | ; | I cal 
| 1 ! 
' | 
| | ' _s eee eee ee ee oe oe oe oe 
| | ri | i. 
| va 
| | 
| ' | 
hac ee | | 
| | 
| | 
! | 
| ! 4 
| | 
Corner | | 
pieces | 

<° stiffen > an at ae cad as aa —_ 4< ZZ 
container | 
Optional 1 | 
flat plotes | 
con be L. - 

“spot welded End/ } } Modified form 
to bottorn fold! piece spot welded _, ogg 
for additiona/ strength oF ee ee ee pee _— 

‘Corner angle pieces spot 
welded ro folded box : 
Angle Pieces Spot Welded End Pieces Spot Welded 


to Corners or Riveted 





Propuct ENGINEERING — Marcu, 1947 






SS 








With Square and Round Corners—Il 


WALLACE C. MILLS 









Designs for sheet metal boxes vary from simple folded constructions to complex 
crimped, tabbed, and welded structures. In addition to the designs shown in the Febru- 
ary issue, others incorporating tabs, hems, and reinforcements are presented herewith. 
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Projection Welding of Low Carbon 
And Stainless Steel Sheet 


MARIO L. OCHIEANO 


Production Methods Engineer, Lockheed Aircraft Corporation 


Proper application of projection welding techniques. Details of projection locations 
and recommended sizes for different thicknesses of low carbon and stainless steel 
sheet are discussed. Allowable design strengths for projection welds are given. 


PROJECTION WELDING, a 
resistance-welding method wherein 
the weld is localized at a predeter- 
mined point by means of a projection 
or embossment, is primarily suited for 
use in the welding of large volume 
production of assemblies requiring 
multiple welds. The parts to be 
assembled are held during the weld- 
ing in formed dies, which are also the 
welding electrodes. The dies position 
the assembly accurately and all the 
welding is done in one operation thus 
effecting a substantial saving in time. 


The precise control of both the 
size and the location of welds possible 
in projection welding results in excep- 
tionally uniform strength character- 
istics. In projection welding, edge 
distances are smaller than _ those 
required in spotwelding, thus permit- 
ting welding in smaller areas. It 
also permits greater flexibility in the 
materials and thickness ratios of 
welded assemblies. 

In many instances where spotweld- 
ing cannot be used, projection weld- 
ing will be found to be entirely .atis- 
factory. This is particularly true in 
the welding of screw machine parts to 
plates. Projections for welding can 
be turned on screw machine parts at 
at a low cost. However, projection 
welding is better adapted to the 
welding of large volume production 
of assemblies of stampings, in which 
the projections can be formed during 
the stamping operation without the 
necessity of extra forming operations. 


Projection Welding Design 


Two important factors in projec- 
tion welding design are the location 
and the size of the welds. Proper 


124 





Table I—Minimum Edge and 
Spacing Distances for Projection Welds 





---™ E-edge distance 

















a ol 
Pro- Material | Edge Spacing 
jection | Thickness, | Dis- Dis- 
Type | in. tance EF, | tance, in. 
} om | 
1 | 0.025-0.065 | 0.12 0.20 
2 0.025-0.035 | 0.14 | 0.25 
3 | 0.036-0.048 | O.18 | 0.31 
4 0.049-0.065 0.19 | 0.37 
5 | 0.066-0.081| 0.22 | 0.43 
6 | 0.082-0.104 | 0.25 0.56 
7 1 0.105-0.125 |} 0.31 | 0.68 





location of welds, of course, depends 
primarily upon the shape and end use 
of the assembly being welded. ‘The 
location and spacing of multiple 
welds should be chosen so as to mini- 
mize torsional and shear stresses in 
the weld areas. The minimum dis- 
tances from edges and the minimum 
spacing between welds increase with 
the thickness of the materials being 
welded, as indicated in Table I, in 
which values are given for stainless 
and low carbon steel sheets in the 
thickness range of 0.025 to 0.125 in. 
Projection welding is not recom- 
mended for use on sheet stock less 
than 0.025 in. thick as the projection 
lacks sufficient strength and rigidity 
to permit satisfactory welding by pro- 
jection welding techniques. This 
investigation was limited to a maxi- 
mum sheet thickness of 0.125 in. 
Greater thicknesses may be satisfac- 
torily protection welded. However, 
the forming of the projections 


becomes increasingly difficult with 
increasing thickness. 

The data given in Table I are 
predicated on the use of the standard 
size projections with dimensions as 
listed in Table II. Although Table 
II gives a definite projection size 
recommendation, satisfactory results 
can be obtained by substituting other 
projection sizes in accordance with 





Table li—Projection Design Data 








Tolerance on height to be + 0.002 in. 
Projection Dimensions, in. 





Pro- 


| 
jection | D, in. | R, in. H, in. 


~ 
= 








1 | 0.093 |0.039 |0.025 |0.025-0 065 
2 | 0.109 |0.046 |0.035 |0.025-0.035 
3 | 0.125 |0.053 {0.035 |0.036-0 048 
4 | 0.140 |0.058 |0.035 |0.049-0.065 
5 | 0.156 |0.063 |0.035 |0.055-0.080 
6 | 0.171 |0.072 |0.035 |0.082-0. 104 
7 | 0.203 |0 085 0.035 |0.105-0 125 














Table I1l—Projection Substitutes 


When projections are substituted, strength 
and edge distance are based on require- 
ments of projections used. 





Maximum 
Allowable 
This Fesjection) Normal | Design Strength 
Size May be} Pro- | in lb. per sq. in. 
Substituted for) jection = 
Size Low Cor. 


Carbon Res. Stl. 








mw 
; 


SO 





3 or 4 450 55 
3 4or5 700 850 
4 5 or 6 875 1,200 
5 6or7 1,200 1,650 
6 7 1,950 2,250_ 
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FIG. 3 


Table III, which shows permissible 
projection substitutes for two steels. 
These projection dimensions were 
chosen as offering the best combina- 
tion of welding characteristics, weld 
Strength and ease of forming. 
Increasing the height of the projec- 
tions would, of course, increase the 
difficulty of forming. Any increase in 
the diameter of the projection would, 
by increasing the area of weld, make 
the weld stronger than the sheet 
itself and result in failure of the 
sheet rather than the weld. Since the 
strength of the assembly as a whole 
would not be improved by the larger 
weld area, the increased current con- 
sumption and shorter die life that 
would follow would not be justified. 
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‘These projection dimensions also 
provide sufficient material for “flow 
back” so that the projected sheet is 
approximately flush after welding as 
shown in Fig. 1 (B). Fig. 1(C) 
shows the type of reduced area that is 
present when there is insufficient ma- 
terial for adequate “flow back.” 

A certain amount of reduced area is 
unavoidable in the welding of sheets 
of high thickness ratio. Fig. 2 shows 
the reduced area experienced in weld- 
ing 5:1 thickness ratio in low carbon 
steel. 

In welding sheets of different thick- 
nesses, the size of the sheet in which 
the projection is to be made should 
determine the proper size of the pro- 
jection to be used. When welding 


Fig. |—Projection dimensions de- 
termine whether the welded sheets 
will have uniform or reduced thick- 
nesses after welding. 


Fig. 2—Typical cross-section at re- 
duced area found in welding low 
carbon sheets of 5:1 thickness ratio, 


Fig. 3—Macrograph of a poor weld 
caused by forming projection in 
thinner sheet when welding sheets 
of a 4 to | thickness ratio. 


15X Magnification 


sheets of different thicknesses each of 
which is less than 0.049 in., the pro- 
jection should be formed in the 
heavier sheet. If the projection is 
formed in the thinner sheet, inferior 
welding, such as shown in Fig. 3, will 
result. This is caused by excessive 
cold collapse of the projection under 
the pressure applied and by lack of 
sufficient heat to raise the tempera- 
ture of the heavier sheet to fusion 
temperature. When both sheets are 
of thicknesses greater than 0.049 in., 
the projections may be formed in 
either sheet. 

The degree of uniformity of 
strength of projection welds is pri- 
marily dependent on the uniformity 
in height of the projections. To 


125 


























iB 





bac aaa & ------> 








Fig. 4—Allowable cold collapse in projection welding. 





Table 1V—Weldability of Low Carbon and Stainless Steel Sheet 





Relative Weldability: 1.—Excellent 
2.—Good 


3.—Satisfactory 











Projected sheet, 
£ 
L , ae J 
re EE” 
_ ae | 





k 
‘No prosyection 





Sheet containing 
projection 








Sheet_being welded—no projection 





Stainless Steel 


‘1A or 1/44 
Stainless steel, 1A ext 
ee 1 
Stainless steel, 1/2 H or 


Low Carbon... .... 2 





1 2H or F. i. Low Carbon Steel 
1 2 
l 3 
2 1 





assure maximum uniformity in 
strength characteristics, the dimen- 
sional tolerance of the height of the 
projections should be maintained at 
+ 0.002 in. The absolute height is 
not too important but it is imperative 
that the heights of any group of pro- 
jections, which are to be welded 
under similar conditions, shall be as 
uniform as possible. 

If the projection heights are kept 
uniform, the amount of cold collapse 
caused by the application of pressure 
in the welding machine will also be 
uniform. Some cold collapse is bene- 
ficial because it insures good contact 
between the sheets being welded. 
Although a cold collapse of 25 per 
cent of the original projection height 
may he permitted, it has been found 
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that best results are obtained when it 
is less than 15 percent. Fig. 4 shows 
the allowable limits of collapse. 


Strength Characteristics 


Projection welding can be eco- 
nomically used in the welding 
together of sheets of low carbon or 
stainless steel in the thickness range 
of 0.025 to 0.125 in. In applications 
needing only a single projection, a 
combination of indefinite thickness 
ratio, such as bar stock and sheet, can 
be successfully welded. In applica- 
tions requiring multiple projections, 
which must be welded in a single 
operation, the thickness ratio should 
be limited to 5:1 maximum. 

Low carbon or stainless steel sheets 
of various hardnesses can be welded 


together satisfactorily. Table IV 
shows the relative weldability of 
these materials to one another. 

The shear strength of projection 
welds in low carbon and stainless 
steel sheets ranges between 400 and 
5,800 lb. per weld depending on the 
thickness and the materials being 
welded. The thicknesses of the sheets 
is the more important variable. Fig. 
5, which shows allowable design 
strengths for both low carbon and 
stainless steel sheets, indicates little 
difference between the strengths of 
welds in the two materials. 

The values given in Fig. 5 are 
obtainable when the projection sizes 
for the various thicknesses are chosen 
in accordance with the recommenda- 
tions contained in Table II. Design 
strength figures for the use of the 
small, Projection No. 1 in. sheet 
thickness up to 0.065 in. are also 
given in Fig. 5. This type of weld 
is suitable for use in the welding of 
assemblies that will not be highly 
stressed. Although the strength of 
such small welds is low, their use 
offers maximum economy in the cost 
of projection forming. 

When projection welding of sheets 
in the thickness range of 0.025 in. to 
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Fig. 5—Allowable design strengths for 
projection welding of low carbon and 
stainless steel sheets. 


0.125 in. is carried out under uni- 
form welding conditions using the 
projection dimensions and tolerances 
recommended herein, more than 90 
percent of the welds will show 
strengths within + 10 percent of the 
average strength for the group. ‘The 
maximum variation in the strength of 
welds in sheets of this size will be 
less than + 15 percent. 
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FAGINEERING ABSTKA 


FOREIGN AND DOMESTIC ARTICLES 





From “Manometers for Low Pressure” by 
Saul Dushman, General Electric Co., pre- 
sented at First National Instrumentation 
Conference, Instrument Society of America. 
VACUUM MEASURING TECHNIQUES or- 
dinarily deal with pressures below 1 
mm. of mercury; very low vacuum 
conditions are less than 10° mm. or 1 
micron. 

Based on operating principles, the 
different types of low pressure gages 
are: 


1. Viscosity—decrement (quartz fi- 
bre, etc.), molecular (rotating disk). 

2. Radiometer (Knudsen). 

3. Heat conducting — thermocouple, 
wire resistance (Pirani-Hale), thermis- 
tor, linear expansion of wire. 

4. Ionization — hot cathode, cold 
cathode (Philips), alpha particle source 
(Alphatron). 


Approximate ranges of these gages 
are shown in Fig. 1. The full line in- 
dicates the usual range, and the dashed 
portions the sensitivities of special con- 
structions. The two bottom rows give 
values of n/3.24, where n denotes the 
number of molecules per cu. cm. at 
25 deg. C., and of L, the mean free 
path in cm. for air at 25 deg. C. Thus, 
at a pressure of I mu., 

a = 324 x 10", L = §09cm. 

Values of L (in cm.) at 25 deg. 
C and 1 mu. for a number of other 
gases are as follows: 

Gas: H. He Ne N, O. A CO, 
L: 9:31 14.72 10.45 4.99 §.40 5.31 3.34 

The advantages and disadvantages of 
the principal types of gages for use with 
organic vapor pumps, are given by J. 
W. DuMond and W. M. Pickels in 
Review of Scientific Instruments, v.6, 
1935. Discussion is limited to the Mc- 
Leod, Pirani, ionization, and Knudsen 
types of gages, and is summarized in 
the following. 

The McLeod gage disadvantages: 
(1) Does not give continuous readings 
of the pressure; (2) is insensitive to 
condensable vapors; (3) to eliminate 
mercury from the system requires liquid 
air trap; (4) readings are seldom de- 





Low Pressure Manometers 


pendable below 10% or 10° mm. Hg. 

The ionization gage has a wide range 
of pressures, but these disadvantages: 
(1) Requires considerable auxiliary 
electrical equipment; (2) sensitivity 
varies for different gases and vapors; 
(3) filament emission may be “poisoned” 
in presence of certain gases; (4) fila- 
ment is susceptible to burnout if ex- 
posed to air while hot; (5) “ion-bom- 
bardment” destroys the filament rela- 
tively rapidly; (6) electrode must be 
outgassed thoroughly before the gage 
is reliable at extremely low pressures; 
(7) hot filament decomposes certain 
gases, especially hydrocarbons; (8) 
chemical and electrical “clean-up” ef- 
fects. 

The Pirani or hot wire gage has 
two main disadvantages: (1) Difficult 
to maintain stable ‘zero’ point of pres- 
sure and cannot be used with confi- 
dence to measure pressures much be- 
low 10° mm. Hg; (2) as the pres- 
sure is decreased below about 10° mm. 
Hg., the loss of heat by conduction is 
negligible as compared with the radia- 
tion loss. No modification in the geo- 





metrical design of the gage can im- 
prove the ratio of energy loss by gas 
conduction to energy loss by radiation, 
since at these low pressures. the 
molecules of gas travel in straight lines 
between the wire and the walls just 
as the photons of radiation do. 

In Knudsen gage, at these pressures 
the energy transported by molecules of 
gas is small compared to the energy 
transported by photons of radiation, but 
the momentum transported by mol- 
ecules is high compared to the mo- 
mentum transported by photons because 
of the comparatively enormous mass 
of the molecules. The Pirani gage 
measures the molecular energy trans- 
port while the Knudsen gage measures 
the momentum transport. 

Advantages of Knudsen gage include: 
(1) Requires no auxiliary electrical cir- 
cuits; (2) deflection of the mirror is 
proportional to the pressure and cor- 
responds to absolute pressures, inde- 
pendently of the nature of the gas. 
However, the use of a suspension in- 
volves difficulties similar to those for 
any sensitive galvanometer, especially 
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when dealing with extremely low pres- 
sures. Such difficulties will arise when- 
ever the gage is subjected to external 
causes of vibration. Moreover, it is 
sometimes difficult to outgas the parts 
and any wax or grease joints are apt 
to be sources of constant gas evolution. 


Plastic Bonded Light Alloys 


Foreign abstract condensed from "Plastic 
Bonded Light Alloys" in Light Metals (Eng- 
land), July, 1946, Page 357 

A NEw synthetic resin base adhesive, 
Araldit, which permits the bonding of 
metal to metal or metal to plastics and 
glass without the use of external pres- 
sure during the bonding cycle, has just 
been developed. This adhesive, avail- 
able in the form of powder or bars, 
becomes plastic at 40 deg. C. (104 deg. 
F.) and at 120 deg. C. (248 deg. F.) 
becomes thin fluid. 

In use, the fluid material is brushed 
on the parts to be bonded after these 
parts have been preheated to 100 deg. 
C. (212 deg. F.). In some applications, 
the powdered resin may be sprinkled on 
the preheated parts. The parts to be 
bonded are assembled together and the 
entire assembly is heated to 120 to 220 
deg. C. (248 to 428 deg. F.) for 5 to 
120 minutes depending on the nature 
of the assembly and the resin used. 
During the first portion of the heating 
cycle the resin becomes fluid and pene- 
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Fig. 1—Relationship of point shear 
strength to temperature of Araldit 
bond between aluminum alloy strips 


trates into crevices between the parts 
by capillary action. During the balance 
of the heating cycle, the resin hardens 
to form a permanent bond between the 
parts. 

The shear strength of Araldit bond- 
ing between aluminum strips is shown 
in Fig. 1. This diagram also shows the 
effects of temperature on these bonds. 
The resin itself has a tensile strength 
of 10,000 to 11,500 lb. per sq. in. at 
room temperature. In general the 
strength characteristics of the resin 
bonded joints approximate those of soft 
soldered joints. 

The resin joints are impervious to 
the action of water and many organic 
solvents, therefore assemblies held to- 
gether by such joints can be treated for 
surface protection and coloring after 
the assembly operation. 





Assembly of Plastics 


From "Cementing and Assembly of Plastics," 
by SP! Cementing and Assembly of Plastics 
Subcommittee. Booklet No. PE-5 can be 
obtained from the Society of the Plastics 
Industry, 295 Madison Ave., New York 17, 
Price $1. 

THERE are two basic methods of join- 
ing plastics: By mechanical means and 
by bonding. Mechanical methods may 
be divided into three groups: Rivets and 
bolts, screws, and inserts. Bonding re- 
quires use of a cement or adhesive, and 
requires careful choice of material and 
method, depending on whether the parts 
are molded of thermoplastic or of ther- 
mosetting materials. 

Mechanical assembly. Design factors 
for mechanical joints are: 


1. Plastics have relatively low elon- 
gation, and hence concentration of stress 
and cracking can occur at points of 
fastening. 

2. Tensile and shear strengths of 
plastic are low. 
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3. Bearing strengths of plastic are 
low. 


The basic types of rivets are round- 
head, flat-head, hollow, explosive, cherry 
and eyelet. With impact-resisting plas- 
tics, riveted assemblies should prove 
acceptable, but care must be taken in 
placing the riveting hammer so as not 
to upset the head of a rivet too much 
and cause excessive stress. Machine 
screws in tapped holes depend on ten- 
sion, which can be lost under plastic 
creep. Molded threads, although suc- 
cessful in large threaded assemblies, 
are not always used for small threaded 
sections, since in the molding the rein- 
forcing fibers may not flow readily into 
the threads, and hence these are rela- 
tively weak. Threads smaller than % 
in. in diameter are seldom used in 
molded plastics. Generally, screw-ma- 
chine inserts of brass or steel are used 
instead. Screws that produce their mat- 
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ing threads without the aid of taps o1 
inserts give satisfactory service in many) 
applications. These screws can be di- 
vided into two classes. In one type the 
tapered thread on the end of the screw 
produces its mating thread by displace- 
ment of the plastic. In the other, cut- 
ting edges on the point of the screw 
remove the plastic to create the mating 
thread. Speed nuts and speed clips 
provide tension after assembly to com- 
pensate for any creep in the plastic. 

The joining of thermoplastics by ce- 
ment generally takes place through the 
solvent action of the cement on the 
pieces being united. The application of 
light pressure to the solvent-softened 
surfaces results in a boundary-fusion, 
which subsequently becomes a_ hard, 
solid joint by virtue of the evapora- 
tion of the solvent. Cemented joints 
of this type have been used for years 
with cellulose nitrate plastics, with ace- 
tone as the solvent. 

In recent years, widespread use of 
cemented joints in methyl methacrylate 
plastics has led to development of ce- 
ments of another type, namely, the 
polymerizing cements. The liquid mon- 
omer of methyl methacrylate, which is 
the starting material used in the manu- 
facture of these acrylic plastics, is also 
a solvent for these plastics. As such, 
it may be used in the manner of the 
solvent cements, but since it is capable 
of being polymerized, the joints made 
with it can be hardened by polymeriza- 
tion rather than by evaporation. This 
is achieved if suitable conditions of 
temperature and catalyst are provided 
to effect polymerization. 

For thermosetting plastics, such as 
the phenol-formaldehyde or urea-for- 
maldehyde types, there are no suitable 
solvents, and consequently there are no 
solvent cements for them. If solvent 
cements intended for other plastics are 
used, the resulting bond is generally 
weak. Similar difficulty arises with the 
use of solvent cements with dissimilar 
and incompatible thermoplastics, such 
as attempts to bond cellulose acetate 
with acrylics, which cannot be joined 
to one another satisfactorily by solvent- 
type cements. 

Welding by heat is a relatively new 
method of joining certain plastics. The 
edges to be united are heated to fusion 
and are then brought into contact and 
allowed to cool. Electrical strip heat- 
ers or hot plates are convenient means 
of providing high temperatures locally. 
The method has been used principally 
with vinylidene chloride resin, such as 
extruded tubing, and also with methy! 
methacrylate sheeting. The method 
applicable to other thermoplastics. 
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Testing Bolts for Strength 
and Ductility 


From "Testing Bolts for Strength and Duc- 
tility" by D. E. Lehane, Russel, Burdsall and 
Ward Bolt and Nut Company in Fasteners, 
Vol. 3, No. 2, published by American Insti- 
tute of Bolt, Nut and Rivet Manufacturers. 


STRENGTH AND DUCTILITY of bolts are 
defined in different terms, and some- 
times not clearly. To obviate the con- 
fusion now existing, the specification 
and testing of bolts should be standard- 
ized. The recommendations toward 
standardization are summarized briefly 
as follows: 

1. Full-size bolts rather than con- 
ventional test specimens should be tested 
wherever possible. 

2. Three threads should be exposed 
between the nut or testing fixture and 


the leave-off of the thread when test- 
ing bolts. 

3. Yield strength should be used as 
the basic measure of the strength of a 
bolt. 

4. Yield strength and_ elongation 
should be measured on the load-elonga- 
tion diagram. 

5. When expressing yield or tensile 
strength in lb. per sq. in., the area 
should be a “mean area” rather than 
the root area. 

Mean area is based on the mean of 
the pitch and minor diameters of the 
thread. This arbitrary figure of mean 
area was established by comparing tests 
of many bolts with standard test bars. 
The results indicated that the use of 
the root area gives artificially high 
values. If the pitch area is used, the 
resulting values are too low. 





Microwave Power Generator 


From "The Multi-Cavity Magnetron" in Bell 
Laboratory Record, June 1946, published by 
Bell Telephone Laboratories, Inc., New York, 


THE SUPERIORITY OF UNITED NATIONS 
radar resulted in large measures from 
its success in outdistancing the enemy 
in the utilization of wavelengths of 
less than 50 cm., known as “micro- 
waves”. These very short waves pro- 
vided the narrow beams, accuracy, and 
target discrimination needed in pre- 
cision fire-control and bombing. Early 
radars operated on waves more than 
a meter in length; progress toward 
shorter waves was severely limited by 
the absence of means for generating 


them at the required high-power level. 

Then came the multi-cavity mag- 
netron that could generate powerful 
pulses of waves in the centimeter re- 
gion. It made possible the reduction of 
operating wave-lengths to 10 cm. and by 
the end of the war to well under 3 
centimeters. 

The multi-cavity magnetron embodies 
within a single envelope a complete 
radio transmitter except for power 
supply and antenna. The inductance 
and capacitance that constitute the os- 
cillating circuit are supplied by resonant 
cavities, as shown in Fig. 1. The in- 
ductance is centered mainly in the wall 
of the circular portion of the cavity 


and the capacitance in the walls of the 
slot. Each cavity, therefore, behaves 
like an inductance and a capacitance 
connected in parallel; the combination 
oscillates at a frequency that depends 
on the dimensions of the cavity and is 
the operating frequency of the tube. 


In magnetrons used to produce radar 
pulses, the voltage is applied and the 
tube oscillates for only a few microsec- 
onds at a time, during which the 
cathode delivers many times the cur- 
rent level normal in other uses. Be- 
tween pulses the tube remains idle for 
several hundred microseconds, during 
which time heat is conducted away by 
the metal inclosure. It is therefore 
able to generate for short periods enor- 
mous amounts of power relative to its 
size. One high-power L band mag- 
netron delivered 6 microsecond pulses 
of 1,000 kw. with a current of 60 
amp. and a plate voltage of 30,000. 

The magnetron is no exception to 
the rule of decreasing size with increas- 
ing frequency of operation as shown in 
Fig. 2, which illustrates the relative 
sizes of the cathodes, anodes, and cavi- 
ties for wavelengths of 30 cm., 10 cm., 
and 3 cm. Thus for the magnetron as 
for the triode there is an upper limit 
on the frequency of operation beyond 
which it is no longer a practical de- 
vice. The magnetron, however, has the 
advantage of starting from a higher 
frequency base than the triode. There 
is no inherent reason why a magnetron 
should not be used at low frequencies, 
except that the resonant cavities would 
be of unwieldy size. In practice triodes 
are advantageous down to approxi- 
mately 45 cm. and magnetrons for 
shorter wavelengths. 


A limitation on multi-cavity mag- 
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Fig. |—Diagrammatic view of a magnetron showing resonant cavities. Fig. 2—Relative size of magnetrons electrode 


systems for three frequencies, The higher the frequency, the smaller the magnetron. 
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netrons is that they 
fixed-frequency devices and are not 
adaptable to tuning over as wide a 
band of frequencies as triodes. ‘This is 
because the frequency-determining ele- 
ments are inside the vacuum envelope 
and it is difficult to make extensive 
changes in the capacitances or induc- 
tances. However, limited tuning ad- 
justment through vacuum seals is used 
in several magnetron designs. 


are essentially 


Heat Sealing 
Thermoplastics 


From “Heat Sealing Thermoplastics" by 
Wiley D. Wenger, Radio Corporation of 
America. Presented April 24, 1946 at the 
annual meeting of the Society of the Plas- 
tics Industry, New York. 

HEAT AFFECTS THE SURFACE of a ther- 
moplastic in a way similar to a solvent 
or a cement. It prepares the surface to 
be sealed so that if pressure is then 
applied, a bond results. 

Conduction Heat Sealing. The edge 
or butt welding of acrylic sheet stock 
has been done successfully by using a 
“hot blade” type of applicator. Imme- 
diately after heating two surfaces, the 
knife is removed and pressure applied to 
the two pieces. If the blade tempera- 
ture is too high, the plasticizer of the 
materials is vaporized or burned and no 
bond results. If too cool, no seal will 
be made. The time of such hot blade 
sealing is dependent upon those factors 
plus the fact that the joint should then 
be cooled uniformly. The most gen- 
erally used method of heat sealing 
plastic or plastics coated materials has 
been to apply the heat from the out- 
side by means of hot dies, bars or 
rollers. This is satisfactory under cer- 
tain conditions, but extrusion of the 
outer surfaces of plastic film is ob- 
tained and the heat sealing time depends 
upon heat conduction time and a cool- 
ing period. 

Where sealing of coated metal, cel- 
lophane or thin paper is being consid- 
ered, these hot bar or roller methods 
are satisfactory. The outer surfaces 
are not adversely affected by heat and 
the hot bars are fast, inexpensive and 
practical. 

Electronic Heat Sealing. In 1942 the 
RCA Princeton Laboratories con- 
structed a heat sealing device that 
would not depend upon heat conduction. 
Electrical energy, of a high alternating 
frequency, was applied to the material 
to be sealed. This energy could quickly 
raise the temperature of the plastic to 
its melting point. The electrodes used 
to apply the energy were cold. The 
cold metal electrodes were thus used 
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to raise the temperature of the plastic 
to the bonding point, apply pressure 


and cool the outside surfaces simul- 
taneously. 

The electrodes are usually mounted 
in an air press with the top die being 
connected to the frame. The lower 
electrode may be either a flat steel 
plate or of similar shape to the top 
bar. In either arrangement one should 
be electrically insulated from the press. 
lf the sealer is to be operated contin- 
uously, water cooling should be incor- 
porated so that the heat absorbed from 
the product does not change the bar 
or plate temperature too much. 

A typical small bar sealer for mak- 
ing a four inch seam has a 100-150 
watt generator connected to it, oper- 
ated at 200 megacycles. This combina- 
tion is suitable for sealing very thin 
materials. The two megacycle oscilla- 
tor is capable of sealing from 4 to 1 
sq. in. of material at one shot. The 
smaller area for thin materials of from 
2% to 4 mills thickness. The rapidity 
of heat flow to the cold bars from very 
thin stock accounts for the difference in 
area that can be sealed. A rubber hose 
is used for water cooling and the 
mounting of the lower bar is insulated. 
Pressure is obtained from a hand clamp 
and spring. 

When sealing larger areas in one 
shot, a frequency of 20-30 megacycles 
has been found sufficiently high. Com- 
mercial units of power ranges from 500 
watts to 100 kilowatts are available in 
this general frequency range. The use 
of these frequencies for sealing is not 
critical, but has been chosen because 
of voltage breakdown considerations 
mostly. Very high frequencies make 
possible rapid heating of very thin ma- 
terials and more speed from the roller 
type applicators, but are not necessary 
for large bar sealers. 

All thermoplastics do not heat seal 
by the electronic heating method. Poly- 
styrene, for example, because of its 
electrical properties, will not get hot 
enough to seal when placed between 
electrodes. 


Finishes for Metal 
Containers 


From "Finishes for Metal Containers" by M. 
G. Gardner, Paint Div., Pittsburgh Plate 
Glass Co., in Pittsburgh Plate Products, Vol. 
54, No. 4, 1946. 


THE PAINT, VARNISH, AND LACQUER 


INDUSTRY provides organic, protective 
and decorative finishes for the exteriors 
and interiors of metal containers. These 
coatings are special types of varnishes, 
enamels, and lacquers the dry films of 


which have the hardness, resistance, and 
needed to withstand the 
stamping and drawing operations in the 
fabrication of 


elasticity 


the coated metals into 
finished containers. The film of these 
finishes must be resistant to 
moisture, organic solvents, hot water 
and steam processing, solvent and chem- 
ical attack from alkalis, organic, and 
inorganic acids. 

These finishes are applied to the flat 
metal sheet by the roller coating ma- 
chine, the rotary printing press and the 
doctor-blade or rolls. These methods 
of application are the fastest and most 
economical for coating metal in plate 
form. 


organic 


Wet coatings applied to the metal 
plate, either by the roll coater or rotary 
press, are dried in a few minutes time 
at elevated temperatures in automatic 
These ovens bake the coating 
or ink to a dry film with temperatures 
ranging from 150 to over 500 deg. F. 
depending upon the type of coating and 
metal plate being used. “The conven- 
tional oven is the horizontal automatic 
type and bakes the coated plate in from 
eight to twenty minutes. 


ovens. 


‘Tower ovens are sometimes used to 
bake coated, continuous-strip metal. 
‘The coating is applied by passing the 
strip through the varnish or enamel 
in a dip tank, and the excess coating 
is removed as it passes between two 
rolls set at a clearance to 
regulate the thickness of the film ap- 
plied. This is the doctor- 
blade or doctor-roll method of appli- 


measured 
known as 
cation. The coated strip then passes 
an oven for converting the wet 
coating into the dry film permitting the 
coated metal strip to be wound into 
spools. 


into 


After the container has been formed, 
coatings are applied by spray, flush, dip, 
or automatic brush and wipe methods. 
Occasionally a squeegee screen is used. 

The basic ingredients or raw mate- 
rials used to manufacture lithographic 
finishes fall into one of the following 


classifications: Pigments, resins, oils, 
plasticizers, dryers, and volatile sol- 


vents. 

There are a great number of pig- 
ments of all colors and physical char- 
acteristics from which to 
making lithographic inks and coatings. 
Both of these finishes require that the 
pigment have the desired color, opacity 
and resistance to baking temperatures 
without discoloration or breakdown 
and in many instances be light and 
chemical-resistant to mild alkali, acids 
water and steam processes. 

Resins available for use in liners and 
coatings are almost limitless. Fossil 


choose In 
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and natural resins include the resinous 
substances that have been secreted from 
trees or insects. Other useful resins 
include: Vinyl resins, alkyd resins, 
natural rubber derivative, resins, and 
hydrocarbon resins. 

Plasticizers are organic chemical 
compounds and non-drying oils and 
liquids that are used in lacquers to im- 
part permanent elasticity and flexibil- 
ity to the brittle resins. They also 
improve the lacquer film in luster, flow, 
adhesion, wearing and other proper- 
ties. Phthalate and phosphate esters, 
glycollates, and castor oil reduce the 
viscosity of the resins and oils to a 
state suitable for best application re- 
sults. These solvents and thinners must, 
after application of the wet film, evap- 
orate completely at room temperature 
or during the baking operation. There 
are numerous solvents and thinners. 
The most common are: Petroleum 
thinners, coal tar thinners, and hydro- 
genated petroleum thinners. 

Exterior coatings include clear and 
pigmented sizes, white and colored 
enamels, inks, finishing varnishes, and 
miscellaneous coatings. Inks are highly 
pigmented pastes, which when used for 
metal printing carry very little vola- 
tile thinners. 


Electronic Counters 


From "Electronic Counters" by |. E. Grosdoff, 
Research Dept., RCA Laboratories Div., in 
RCA Review, Sept. 1946, pp. 438-447. 

A TYPE OF ELECTRONIC COUNTER is dis- 
cussed that shows every individual 
count and also can indicate the count 
as a number. A _ resistance-coupled 
multivibrator is the basic unit counter 
because of its relative convenience, re- 
liability, and economy of component 
parts. 

Electronic counter applications in- 
clude: (1) Time measuring; (2) 
straight counting; and (3) combination 
of timing and counting. For example, 
it can be used as a chronograph for 
precisely measuring short time inter- 
vals, for production of controlled time 
intervals, and for direct indication of 
distance in Loran or Shoran systems. 

An electronic counter can be used 
for speeds higher than those obtain- 
able from electro-magnetic or mechani- 
cal devices and can be made to send 
a signal after a definite number has 
been counted off. By combining a meas- 
uring device (such as a photocell, mi- 
crophone, pressure gage or the like) 
with a variable frequency oscillator, an 
electronic counter can be used as an in- 
tegrator for evaluating a variable func- 
tion. Again, by selecting the proper 
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frequency, the counter can be made to 
indicate in any desired units. A com- 
bination of a counter producing a time 
interval, together with a straight coun- 
ter can be used as a frequency meter. 

A typical binary decade circuit is 
shown in Fig. 1. The count is indi- 
cated by means of neon lamps that re- 
ceive the proper voltages through the 
resistance network. The network is 
arranged in such a way that only one 
lamp is connected in five groups of 
two’s as follows: 0-1, 2-3, 4-5, 6-7, 
8-9 and the other side in two groups 


of five’s: 0-2-4-6-8 and 1-3-5-7-9. Selec- 
tion of the odd or the even group is 
made by the head multivibrator MV-O, 
the selected group receiving the full 
positive plate potential, while the other 
group receives one half. The selection 
of groups of two’s is accomplished by a 
combination of two plate voltages re- 
ceived from the plates of other multi- 
vibrators, the selected group receiving 
the full negative potential. Only one 
group of two's receives that potential 
for any combination of multivibrator 
positions. 





Synthetic Rubber in Tires 


From "Just How Good is Man Made Rubber 
When Used in Tires", by Earl Gulick, Tire 
Mfg. Div., The B. F. Goodrich Company, 
presented at Pittsburgh section meeting of 
the Society of Automotive Engineers. 


‘THERE ARE FIVE COMMERCIAL TYPES OF 
SYNTHETIC RUBBER; only two of these 
are in general use in tires: The buta- 
diene-styrene type produced in govern- 
ment plants and used in tires and 
tubes, known by the designation GR-S; 
and butyl rubber, used in tubes, with 
the designation GR-I, a copolymer of 
isobutylene and isoprene. 

In passenger car tires, the casings 
made with man-made rubber today are 
as good, and in some cases will outwear 
prewar tires made with natural rubber. 
Today’s tread compound is essentially 
equal to the prewar tread compound 
in wear characteristics. The early 
man-made rubber compounds were only 
gO percent as good as prewar natural 
rubber treads. 

In the carcass, or body of the tire, 





the structure of fabric and rubber when 
properly inflated, carries the load. 
Man-made rubber compounds are gen- 
erally stiffer than natural rubber com- 
pounds, producing a more “boardy” tire 
with less tendency to absorb impacts cre- 
ated by either pavements or obstacles. 
Stronger carcasses were required. A 
new type cotton cord is 27 percent 
stronger than the prewar cord, and 
yet is two percent smaller in diameter. 

Physical characteristics of man-made 
rubber compounds also made it neces- 
sary to increase the insulation between 
carcass plies to equal the separation 
resistance of the plies in natural rub- 
ber tires. There is 30 percent more 
insulation between carcass plies in the 
present passenger car tire than in the 
prewar tire. As a result, the resistance 
to ply separation in the present tire 
has been proved by tests to be slightly 
superior to that of the latest natural 
rubber product. 

Skid resistance data, based on tests 
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on which treads of identical design 
were used, show that on wet brick 
pavement the man-made rubber com- 
pound has approximately eight percent 
less resistance to skid before the skid 
actually starts. When the tires actually 
go into the full skid, man-made rubber 
has approximately four percent less 
resistance to skidding than the natural 
rubber. For traction on snow, man- 
made rubber treads have about six 
percent less traction than those of 
natural rubber. 

Two types of man-made rubber have 
been used for tubes: GR-S and butyl. 
Butyl is at present being used ex- 
clusively in tube manufacture. Both 
have one definite advantage over nat- 
ural rubber tubes—they hold air bet- 
ter. GR-S does this job about two 
times as well, and GR-I, about 10 
times as well as natural rubber. Re- 
gardless of the availability of natural 
rubber, there is every indication that 
the GR-I type will continue to be 
used in tube construction. 


Vanadium in Gray 
Iron Castings 


Abstracted from "The Role of Vanadium in 
Gray Iron Castings" and T. E. Barlow in The 
Vancoram Review, Vol. V. No. |. Published 
by The Vanadium Corporation of America, 
New York, N. Y. 

BECAUSE VANADIUM in cast iron, forms 
tough, shock-resistant carbides that are 
resistant to breakdown at elevated 
temperatures, it is used in castings that 
are subjected to abrasion, high stresses 
or elevated temperatures. 

In pearlitic cast irons, vanadium 
promotes small, uniform graphite flakes 
and a fine, homogeneous pearlite. These 
effects are particularly noticeable under 
conditions of slow cooling such as are 
encountered in heavy castings. 

The addition of vanadium helps pre- 


vent the reduction of physical proper- 
ties usually caused, in unalloyed cast 
iron, by elevated temperatures. Table 
I lists the properties of a series of cast 
irons after 150 cycles of heating to 1500 
deg. F. and cooling to black heat. Re- 
cent investigations indicate that chrome- 
vanadium and molybdenum-vanadium 
cast irons resist high temperatures bet- 
ter than the alloys listed in the table. 

Vanadium is generally used in con- 
junction with other alloying elements 
because the small increase in tensile 
strength caused by vanadium additions 
alone is not sufficient to justify its use. 
It is suited for use alone in applications 
requiring temperature resistance or uni- 
formity of strength throughout a heavy 
section. 


Castings and Weldings 


Foreign abstract condensed from "Castings 
and Weldings" in Mefallurgia, July, 1946. 
WHETHER to make a part as a casting 
or to fabricate it by welding has been 
asked time and again for more than 20 
years. In the early days building up a 
shape by welding was regarded mainly 
as an emergency measure. Following 
World War I, however, so much im- 
provement in welding technique had 
been achieved that welding became an 
established method of fabricating parts. 
This came about partly because the 
1914-18 war disorganized the foundry 
industry, particularly iron founding, and 
partly because the foundry industry 
lacked an efficient organization at the 
time. These conditions prevail again 
today as a result of the recent war. Al- 
though the industry is better organized 
today, the demands made upon it during 
the war have seriously disorganized its 
structure, which is causing many diff- 
culties in effecting changes from war to 
peace conditions. Cast iron, for instance, 
is a basic material for so many prod- 





ucts, and the demand for castings so 
overwhelming, that it is no surprise to 
learn that weldings in place of castings 
is on the increase. 

Because of the serious shortage of 
castings, “Castings and Weldings” was 
the topic of the Edward Williams Lec- 
ture, presented at the 1946 annual gen- 
eral meeting of the Institute of British 
Foundrymen by Sir Claude D. Gibb. 
Sir Claude sought to lay down some 
broad rules to guide the designer in de- 
ciding whether a welding or a casting 
would better satisfy requirements for a 
particular part. He ultimately aban- 
doned this objective because so many 
variables can affect the decision. 

He came to the conclusion that manu- 
facturing facilities of a particular fac- 
tory may make the decision for the 
designer, overruling technical consider- 
ations. The number required of a given 
part may settle the decision. The 
stresses in service—whether tensile or 
compressive—may decide. The weight 
of the part, the need for a particular 
shape and other factors influence the 
choice. Indeed, the more closely the 
study is considered, the greater the diff- 
culty in setting up defining rules. 

Labor is causing the iron foundries 
most concern. During the war iron 
founding suffered more than most in- 
dustries, because it was a war of steel, 
rather than of cast iron, and the iron 
foundries were denuded of skilled labor 
either for the armed forces or for war 
operations considered to be more impor- 
tant than the production of castings. To 
a large extent female labor was used. 
Now that the demand for iron castings 
for peacetime activities has greatly in- 
creased, the skilled labor, of which the 
industry is so much in need, is not re- 
turning to the foundries as quickly as 
they can be absorbed. Many have found 
more congenial or more lucrative em- 
ployment in other industries, even in 
welding. 





Table |—Effect of Repeated Heating and Cooling on Plain and Alloyed Gray Irons 
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Tensile Strength, 
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(At end of 150 heating and cooling cycles) 
Chemical Composition (Alloys excluded): C-3.15, si-1.80, S-O0.12, P-O0.14, Mn-0.60 














Increase Warpage, Increase 
in Weight, | Inches Rise | in Length, 
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Internal Friction Blocks and Shoes 


Analyses and Applications 


A. C. RASMUSSEN 


Consulting Engineer 


Conditions that make expanding internal shoes self-energizing and self-locking, with 
detailed information for designing such friction devices either to embody these 
characteristics or to avoid them. Beginning with the conditions under which a 
small, flat surface slides on amother flat surface, the development proceeds step by 


step until the complex friction devices in 


INTERNAL friction blocks and 
shoes of the hinged type depend for 
effective performance upon the coefh- 
cient of friction, upon the magnitude 
and direction of the applied force and 
upon the position of the hinge to 
which the shoe is anchored and about 
which it pivots. The coefficient of fric- 
tion is independent of the point of 
application of the actuating force, its 
angularity of application and the posi- 
tion of the hinge. 

Total frictional effect, that is, the 
torque transmitted by a clutch or the 
retardation caused by a brake, is a 
function not only of the actuating 
force but also of the amount of self- 
energization, the latter depending up- 
on the position of the hinge pin. The 
self-energization increases as the hinge 
is moved away from the friction sur- 
face, or closer to the center of rota- 
tion. A limiting design factor, of 
course, is the maximum allowable unit 


pressure of the friction material 
against the friction drum. 

Another characteristic of the in- 
ternal shoe is the position on it where 
the unit pressure is a maximum. For a 
shoe of 90-deg. angular length or less, 
the point of maximum pressure be- 
tween the lining and the friction sur- 
face is at the tip or toe of the shoe. 
With a shoe of more than 90 deg. in 
angular length, maximum pressure oc- 
curs, in a plane making a right angle 
with the plane of the hinge point, di- 
minishing toward both the tip of the 
shoe and the anchor. 

Before proceeding to an analysis ot 
a friction clutch or brake having an 
internal expanding shoe, an analysis of 
two flat surfaces moving over each 
other will be considered. This is done 
to establish the basic reasoning with 
least distraction by the mathematics. 
In Figs. 1 and 2 the shoes are short 
so that the pressure can be assumed to 


today's brakes and clutches are covered. 


be uniformly distributed along them. 
Let 


W = applied or actuating force; 
nu = coefficient of friction; 
R = total normal pressure against the 
friction surface 
uR = frictional resistance to sliding along 


frictional surface; 

P, = reaction against pin support parallel 
to the frictional resistance; 

P; = reaction against pin support per- 
pendicular to the frictional resist- 
ance, ’ : : 

a and } = design dimensions; and 

E = ratio of self-energization 

If the shoe is pressed against the 

friction surface with applied force W, 
Fig. 1, the force required to move it 
along the friction surface to the left is 
uW. This frictional force acting 
around the hinge point causes an in- 
crement force pW a/b, which presses 
the shoe more firmly against the fric- 
tion surface. A larger force than pW 
is now required to maintain motion. 
The reaction to the larger force, also 
acting around the hinge pin, increases 
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Fig. |—Pivoted short shoe, over which pressure is uniformly distributed, moving to the left on another flat surface. 


Fig. 2—Pivoted short shoe, moving leftward, to which actuating force is applied in plane of friction surfaces. 
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Fig. 3—Pivoted shoe, over which pressure is variable, 
moving to the left with the load applied perpendicular 


Fig. 4—Pivoted shoe, with variable pressure, loaded 


Fig. 5—Internal circular shoe, hinged at the one end 
and to which the actuating force is applied at the other. 
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still more the pressure against the fric- 
tion surface. In turn, an even greater 
force is required to maintain move- 
ment under the same applied force in 
the given direction. 

Build-up of the frictional resistance 
in this manner is self-energization. 
As the consequence of self-energiza- 
tion the frictional resistance pR is 
greater than the frictional resistance 
caused by an applied force W alone. 
Obviously, movement is essential to 
self-energization. So is the hinged or 
pivoted design of the shoe. 

With motion in the direction of the 
arrow, moments about the hinge pin 
give the equation 


Rb — uRa = Wb (1) 
from which 
Wb 

iad rs (2) 


‘The pin reactions are obviously 
P, = wRand P, = R— W (3) 


To obtain self-energization, a shoe 
must be designed with the hinge at a 
point on it so that the frictional force 
of motion acting around the hinge pin 
causes an increment increase in the 
force pressing the two rubbing sur- 
faces together. With an increase of 
actuating force, the frictional resist- 
ance to movement increases. If the 
frictional resistance becomes as great 
as, or greater than the force causing 
movement, relative motion ceases, and 
so long as the actuating force is of suf- 
ficient intensity, there 
movement. 

Under certain conditions, after the 
actuating force has been applied and 
motion has been arrested, the resist- 
ance to motion will continue even 


will be no 
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though the external actuating force 
has been withdrawn. A device that be- 
haves in this manner is said to be self- 
locking. It will not disengage by itself. 
As the position of the hinge is moved 
to make a design more and more self- 
energizing, that point is reached 
where the system changes from non- 
locking to self-locking. 

With a design proportioned so as to 
be nearly self-locking, the use of a 
friction material having a higher co 
efficient of friction may make it so. It 
follows therefore that on a design that 
must not become self-locking, the 


hinge must be placed near enough to 
the friction surface to avoid any likeli 
hood of self-locking should the friction 
material be replaced by one of a higher 
friction coefficient. Grabbing and chat- 
ter of mechanism often follow the re- 
placement of linings in them because 








ise 





the new linings have coefficients of 
friction higher than those for which 
the mechanisms were designed. 

Although self-energization denotes 
that amount of the total friction resist- 
ance over and above the frictional re- 
sistance attributed to the actuating 
force alone, the total frictional re- 
sistance and the ratio of the total to 
the partial frictional force caused by 
the actuating force are the quantities 
usually calculated and determined by 
laboratory tests. The total is the effec- 
tive frictional resistance. It is the 
quantity in which those who use and 
test the device are generally interested. 
The designer not only wants to know 
the total but also the ratio of self- 
energization because the ratio can be 
used in positioning the hinge during 
design. 

Since »R is the total frictional re- 
sistance and pV would be the fric- 
tional resistance resulting from the 


actuating force alone, the ratio of: 


them is given by 
E = R/W (4) 


Combining Equations (2) and (4) 

; b i 

ae os ©) 

The last equation reveals that E 
will be infinite when the denominator 
is zero and negative when the denomi- 
nator is less than zero. For either 
condition, the device is self-locking. 
Accordingly the designer selects di- 
mensions for a and b so that the de- 
nominator will always be positive if 
self-locking is objectionable. On the 
contrary, he proportions them so that 
na is equal to or greater than 3 if self- 
locking is desired. 

If the motion were opposite to that 
indicated in Fig. 1, the ratio of self- 
energization would then be expressed 
by 


b 


Since a, b and pw are always positive 
quantities, E is less than unity. This 
shoe cannot be self-locking. Moreover, 
self-energization acts in reverse, ac- 
tually reducing the resistant force that 
presses the friction surfaces together. 

Application of the actuating force 
as indicated in Fig. 2 gives a set of 
equations somewhat different from 
those already derived, but they are 
readily obtained by a repetition of the 
foregoing analysis. The relation ex- 
pressing the ratio of self-energization 
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is identical ; hence when ya is equal to 
or greater than b, this device, like 
Fig. 1, is also self-locking. 


Variable Unit Pressure 


Upon a shoe of appreciable length, 
the unit pressure varies in proportion 
to the distance from the hinge point 
along the friction surface. It is maxi- 
mum at the toe, being zero at the heel 
or point on the friction surface di- 
rectly underneath the hinge point. In 
Fig. 3 let ~, be the unit pressure at the 
toe and p, the unit pressure at any 
intervening distance x from the hinge 
point, then 


p = por/)i (7) 


The pressure on an increment of area 
of width d at distance x is pdAx, 
which can be combined with Equation 
(7) to eliminate the variable p. The 
total pressure, F’, exerted by the shoe 
can be found by integration between 
the limits yo and y;, namely, 


y1 De 
= td f xdx = 7 d (91? _ y*2) (8) 
v1 Ve v1 


In the same manner the moment 
about the hinge point is found to be 





M = i (x? — 94°) (9) 


If y, denotes the distance of the center 
of pressure from the hinge point, then 
M 2(y* — ys) 

=F = SF oe) - 
Quantity R, Fig. 3, is the reaction of 
F, the two being equal but oppositely 
directed. With R and y, known, equa- 
tions for variable pressure can be 
established. These equations, much 
like Equations (1) to (6) for uni- 
form pressure and corresponding to 
them, are readily derived if the fore- 
going procedure is repeated step by 
step. 

Where the actuating force is ap- 
plied obliquely to a shoe of appreciable 
length, moving as indicated in Fig. 4, 
the Equation for the reaction R is 

R= W(b cos @ +c sin 6) (11) 


yo— ma 





the equations for the pin reactions are 


P, = upR+ W sin 6 and 
P,2= R— Weoos 0 (12) 


and the equation for the ratio of self- 
energization is 
Yo 


£0 en (13) 


yo — wa 









The last equation shows that the de- 
vice will be self-locking when p a is 
equal to or greater than y,. In this 
respect therefore all of the devices be- 
have in the same way. 


Internal Friction Shoe 


An internal shoe, hinged at one end 
and forced outwardly at the other by 
the actuating force, is illustrated by 
Fig. 5. The engaging force or the fric- 
tion of contact on a shoe having a 
fixed hinge is dependent solely upon 
the dimensions of the shoe, the posi- 
tion of the hinge pin with respect to 
the friction surface, and the coefh- 
cient of friction of the lining. The 
unit pressure is not uniform, being 
zero at the heel or hinge point. ‘To use 
the heel more effectively, certain de- 
signs have hinge pins that move out- 
ward when the shoe is actuated, with 
the result that the heel end of the 
lining is also under pressure. The 
following analysis applies only to a 
shoe with a fixed hinge point. 

Further, ‘it is assumed that the 
normal unit pressure against the drum 
is proportional in intensity to the dis- 
tance of the extended normal line from 
the hinge pin. The rotation of the 
drum is clockwise, Fig. 5. Let 

fa = normal unit pressure at point of 
maximum pressure, . 
unit pressure at any point, 
radius of the shoe surface; 
width of the friction surface; | 
distance between hinge pin and 
center of rotation; - 
angle corresponding to position ?; 
angular length of toe from hinge 
point. 
angular length of heel relief; and 


6 
6. = angular distance to point of maxi- 
mum pressure. 
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Then 
_—_— = (14) 
asinag asin 0, 
so that 
?) = fa sina/sin 0, (15) 


When the toe angle 6; is 90 deg. or 
less, the maximum pressure occurs at 
the toe thereby causing 62 to be equal 
to 6,;. When the toe angle is 90 deg. 
and greater, the maximum pressure 
occurs at an angle of 90 deg. from the 
hinge pin. Thus 6, becomes and re- 
mains equal to 90 deg. This can be 
understood from Equation (14), 
which ean be rewritten in the form 


p = (pe/a sin 6.) (a sin a) (16) 
Now the factor p,/a sin 04 is con- 


stant, being the intensity of pressure 
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at unit distance from the hinge pin. 
Consequently » is a maximum when 
sin® is a maximum. When the angle 
6; is less than 90 deg., sina has its 
greatest applicable value at a equal 
6. At 90 deg., sin @ is unity and the 
second factor will be the maximum. 
For values of 0, exceeding 90 deg., 
sin « diminishes from unity; hence the 
90-deg. point is the position of maxi- 
mum unit pressure. 

Application of the foregoing method 
for variable unit pressures to a cir- 
cular segment, which is the pivoted 
shoe in this analysis, gives the total 
pressure as 


R = Po? b (cor = cos 6) _ (17) 





The moment of the total pressure is 


M = par ba [(20, — sin 26,)— (20. — 
sin 262)]/4 sin 6, (18) 


Finally, the center of pressure, yo is 
expressed by 


yo = M/R = asin 6% (19) 


In all practical designs the friction 
lining is not carried back to the hinge 
point but is stopped some distance 
from it. This is necessary to prevent 
the lining near the hinge point from 
dragging when the shoe is released 
after engagment, for that part of the 
shoe does not move away from the 
friction surface by an appreciable 
amount. 

Although the angle of heel relief, 
62, should be considered in accurate 
calculations, it can be taken as zero, 
with negligible error, when the cut- 
back is made to get heel clearance 
only. The equations are much simpli- 
fied and the work of calculation much 
reduced if 6 is dropped altogether. 





Table I—! Values, or the Numerical Equivalent of 4 (2¢-sin 20) 
From 5 to 180 Degrees 











Angle @, Angle 8, Angle 6, 

deg. I value deg. I value deg. I value 

5 0.0002 65 0.3757 125 1.3258 
10 0.0018 70 0.4502 130 1.3807 
15 0.0059 75 0.5295 135 1.4281 
20 0.0138 80 0.6126 140 1.4679 
25 0.0267 85 0.6984 145 1.5003 
30 0.0453 90 0.7854 150 1.5255 
35 0.0705 95 0.8724 155 1.5441 
40 0.1029 100 0.9582 160 1.5570 
45 0.1427 105 1.0413 165 1.5649 
50 0.1901 110 1.1206 170 1.5690 
55 0.2450 115 1.1951 175 1.5706 
60 0.3071 120 1.2637 180 1.5708 
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Fig. 6—Curves of 6,, sin, and (l—cos@,}/sin@, as functions of 6). 
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For this condition Equation (17) 
simplifies to 

R = par b (1 — cos 6;)/sin 4 (20) 
and the sin 06, of Equation (19) sim 
plifies to 

sin 0) = I/(1 — cos 6) 
where 

I = (20, — sin 20,)/4 (22) 

Charts and tabular values are con 
venient in solving these equations. 
Table I is an abbreviated tabulation 
of the J values of Equation (22). Fig. 
6 shows @,, sin 6, and (1 — cos 6;)/ 
sin 6, plotted against 6,, or toe angle. 
The last function is equal to R/parb, 
which comes from Equation (20), re- 
written. 

The contact friction between the 
driving and driven members of the de- 
vice shown in Fig. 5 is p»R. This force 
acts at radius r. For a clutch or brake 
of this type having n shoes, all ac- 
tuated by equal forces, the torque 
would be nuRr pound-inches. 


Actuating Means 
and Resultant Forces 


Various means are used to actuate 
the shoes in clutches and brakes hav 
ing internal expanding shoes. Fig. 7 
merely indicates a connection to the 
actuating device and the direction of 
the line of force. The actuating force 
causes a load on the hinge pin in ad 
dition to the reaction from the fric- 
tional resistance. The next step is to 
determine these resultant forces. 

With clockwise rotation of the 
driver, the moment equation about the 
hinge pin is 

Tc = Rasin 6 — uR(r —acos %) (23 
from which 

T = Rak — pr)/c (24 


in which 


~ 


k =sin 0+ ueos M% 25 
and 

c=mcos8+nsin B (26) 

Since the shoe is secured at the 
hinge pin, about which it rotates for 
engagement, the actuating force 7 
produces only a rotating effect on the 
shoe. The actuating force multiplied 
by its lever arm, that is Tc, should be 
large enough to cause maximum per- 
missible unit pressure of the lining 
against the drum, due allowance be- 
ing made for the pressure resulting 
from self-energization. For any re 
quired moment to actuate the shoe, the 
force T can be decreased provided ¢, 
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Fig. 7—Diagram defining di- 
mensions, angles and other 
design quantities used in 
establishing equations for 
actuating forces and result- 
ants. 


Values of 2 with which locking occurs 


Fig. 8—Curves of E values 
and a/r ratios for use in de- 
sign calculations of brakes. 


Fig. 9—Diagram defining di- 
mensions in two-shoe brake 
of the illustrative problem. 











the lever arm, can be increased to 
maintain an equivalent torque. 
Reactions against the pivot are 


P, = Rk — T sin B and 

Pz = T cos B — Rh (27) 
in. which 

h = cos 6. — sin 0 (28 


Self-energization is inherent with 
this type of shoe. For a given diameter, 
a given angular length of shoe, and a 
constant coefficient of friction, self- 
energization will increase as the hinge 
Pin is moved away from the friction 
surface and toward the center of rota 
tion. The ratio of self-energization F, 





is found by comparing the torque re- 
quired to produce a stated value of R 
when no rotation occurs and the 
torque required to produce the same 
value of R with rotation. With no 
rotation the torque required is 
(Tc)o = Ra sin 09 (29) 
While rotating, the torque to produce 
the same R is 
Tc = R(ak — pr) (30) 
‘The quotient of Equations (29) and 
(30) is the desired ratio, 
sin 0 
FH w/e 


Self-locking occurs when the de- 
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nominator of Equation (31) vanishes. 
Two curves in Fig. 8 show graphically 
how the values at which locking is 
initiated vary with toe angle. Al- 
though these curves depend upon the 
coefficient of friction, the response of 
self-locking to changes in toe angle is 


more pronounced, particularly at 
small toe angles. Variations in self- 
energization with toe angle are shown 
by the E curves, Fig. 8. These have 
been plotted for a coefficient of fric- 
tion of » equal 0.3. (The author finds 
tables of E values and a/r ratios to be 
time saving in design calculations. 
Nevertheless the same information can 
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Table 11—Numerical Equivalents of the Trigonometric Sums and 
Differences Defined as g, h, i and k Values 














Toe For u» = 0.30 For u = 0.40 

Angle - — -- - 

0, deg. o* a it ktt o > it ktt 

5 1.0157 0.9809 —0.2414 0.357611.0216 0.9751 —0.3412 0.4574 

10 1.0280 0.9585 —0.1820 0.4139 | 1.0396 0.9469 -—0.2814 0.5132 
15 1.0368 0.9330 —0.1223 0.4686] 1.0542 0.9156 .—0.2208 0.5671 
20 1.0422 0.9045 —0.0626 0.5214 | 1.0651 0.8816 —0.1599 0.6188 
25 1.0440 0.8733 —0.0031 0.5721] 1.0725 0.8849 —0.0990 0.6680 
30 1.0425 0.8397 0.0557. 0.6204 |] 1.0763 0.8059 —0.0384 0.7145 
35 1.0378 0.8039 0.1136 0.6661 | 1.0768 0.7649 0.0215 0.7582 
40 1.0301 0.7663 0.1702 0.7091 | 1.0740 0.7223 0.0804 0.7989 
45 1.0194 0.7271 0.2252 0.7492 | 1.0682 0.6784 0.1379 0.8365 
50 1.0063 0.6869 0.2783 0.7862 | 1.0595 0.6337 0.1936 0.8709 
55 0.9908 0.6460 0.3291 0.8202 | 1.0483 0.5885 0.2473 0.9020 
60 0.9734 0.6049 0.3774 0.8509 | 1.0348 0.5435 0.2985 0.9298 
65 0.9545 0.5641 0.4229 0.8785 | 1.0196 0.4990 0.3470 0.9545 
70 0.9346 0.5241 0.4654 0.9030 | 1.0030 0.4557 0.3924 0.9759 
75 0.9141 0.4854 0.5045 0.9243 | 0.9855 0.4140 0.4345 0.9943 
80 0.8935 0.4487 0.5400 0.9427 | 0.9676 0.3746 0.4729 1.0098 
85 0.8735 0.4145 0.5718 0.9582 | 0.9500 0.3380 0.5074 1.0226 
90 0.8546 0.3834 0.5997 0.9711 | 0.9332 0.3048 0.5378 1.0330 
95 0.8374 0.3559 0.6235 0.9815 | 0.9177. 0.2757 0.5638 1.0412 
100 0.8224 0.3326 0.6432 0.9896 | 0.9040 0.2509 0.5854 1.0474 
105 0.8101 0.3137 0.6586 0.9958 | 0.8928 0.2310 0.6024 1.0520 
110 0.8007. 0.2997 0.6700 1.0001 | 0.8842 0.2162 0.6149 1.0551 
115 0.7945 0.2905 0.6773 1.0028 | 0.8785 0.2065 0.6231 1.0571 
120 0.7915 0.2860 0.6808 1.0041 | 0.8757 0.2018 0.6270 1.0580 
125 0.7914 0.2859 0.6809 1.0041 | 0.8757 0.2017 0.6270 1.0580 
13¢ 0.7940 0.2898 0.6779 1.0030] 0.8781 0.2057 0.6237 1.0572 
135 0.7988 0.2969 0.6722 1.0009} 0.8825 0.2133 0.6174 1.0557 
14( 0.8053 0.3066 0.6644 0.9980] 0.8885 0.2235 0.6088 1.0536 
145 0.8130 0.3181 0.6551 0.9944 | 0.8954 0.2357 0.5985 1.0509 
15( 0.8212 0.3307 0.6446 0.9903 | 0.9029 0.2489 0.5872 1.0479 
155 0.8294 0.3434 0.6341 0.9859 10.9104 0.2624 0.5755 1.0446 
l¢ 0.8372 0.3556 0.6238 0.9816] 0.9175 0.2753 0.5641 1.0412 
165 0.8441 0.3665 0.6144 0.9776 | 0.9237 0.2869 0.5539 =1.0381 
170 0.8496 0.3753 0.6068 0.9743 | 0.9286 0.2962 0.5455 1.0355 
175 0.8533 0.3812 0.6016 0.9720 | 0.9319 0.3025 0.5399 1.0337 
180 0.8546 0.3834 0.5997 0.9711 | 0.9332 0.3048 0.5378 1.0330 
*¢ = cos I+ usin % +7 = sin 0) — pcos % 

** h = cos 09 — pw sin O% Tt k = sin 0 + pcos O% 





be taken from the graphs, which have 
the advantage of giving a visual in- 
dication of what can be expected from 
any anticipated change.) Table II, 
containing tabular values of g, h, i and 
k, is a good example of such tables. 

For counterclockwise rotation of the 
drum, Fig. 7, the force T about the 
hinge pin is 


T = R (ai + yr)/c (32) 
in which 
i = sin 0) — pcos 0 (33) 


Reactions against the pivot pin are 


P, = Ri — TsinB and 

P, = TcosB — Rg (34) 
in which 

g = cos 0) + usin Oo (35) 
Self-energization is expressed by 

E= ear (36) 


so that self-locking cannot occur on 
this shoe. 

Two shoes, or more, generally are 
used so that external reactions, which 
qtherwise would produce unnecessary 
loads on shafts and bearings, can be 
equalized and nullified. Many auto- 
mobile brakes have the two shoe ar- 
ranged as shown in Fig. 9. Thus one 


* * 





shoe is self-energizing and the other 
is non-energizing for either direction 
of rotation. 


ExAMPLE. Determine the braking ca 
pacity of a two-shoe brake in a drum 
of 16-in. dia., the shoes being actuated 
by a hydraulic cylinder that exerts the 
same force J’ against both. Let the 
shoes be identical and proportioned so 
that 6; equals 129 deg. 5 min.; 6. 
equals 9 deg. 5 min. and b equals 3 in. 
‘The maximum lining pressure is to be 
150 lb. per sq. in. and p is 0.30. The 
heel angle 62 is ignored as the result- 
ing error is less than 2 percent. 

Since 6; is greater than 90 deg., sin 
6, equals unity. Substituting the 
known numerical values into Equa- 
tion (20) 


R= 


ne 


50 x 8 x 3 (1 + 0.6305)/1 = 
, 870 lb. 

From Table I, or Equation (22), 
the value of J is found to be 1.3711. 
This value substituted into Equation 
(21) gives sin 6, equal 1.3711/1.6305 
equal 0.8409. Thus 6, is 57 deg. 14 
min. When 6, is known, & and i can 
be taken from Table II. They are 
1.0033 and 0.6785, _ respectively. 
From Fig. 9 ¢ is 12.538. Substitut- 
ing these values into Equation (24) 


T 870 (7 K 1.0033 — 0.3 X 8)/12.538 


587 
2,164 |b. 


i il 


This value of TJ’, when applied to the 
self-energizing shoe, produces an R 
of 5,870 lb. Since the same value of 
T actuates both shoes, Equation (32) 
can be solved to get R on the non- 
energizing shoe, namely 

R = 2,164 X 12.538/(7 K 0.6785 + 

0.3 X 8) 
= 3,795 Ib. 

Since the R values for the two 
shoes are unequal, each exerting a 
torque that can be computed from 
uRr, the torque of both shoes will be 
given by the sum, or 


Total torque = 0.3 X 9665 X 8 = 
23 ,200 Ib.-in. 


* * 


IN THE YEAR 1791, Luigi Galvani, an Italian, found that when dissecting 
a frog, if he touched the nerve of the thigh with the point of a knife and 
at the same time connected it with a static machine, the muscles of the frog 
began to twitch violently. Continuing his experiments, he hung the frogs’ 
legs by brass hooks and found that when the hooks were placed against an 
iron railing, the muscles again twitched. Alessandro Volta, another Italian, 
who had watched these experiments reasoned that it was the result of an 
electric current which could be set up by the contact of two different kinds 
of metals and this led him to the invention of the Voltaic pile in 1797. This 
was the actual forerunner of the electric battery so widely used today. 
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Various ferrous plated parts. Left, a 
nickel plated circuit breaker contact box; 
right, zinc plated hardware, and zinc- 
chromated plated steel springs for marine 
use. A chromate treatment over zinc 
prevents the formation of white zinc salts. 


Common Industrial Electroplates — | 


Ferrous Base Metals 


P. W. PROUTY 


Engineer, Electric Appliance Division, Westinghouse Electric Corporation 


Specific guidance for plating major ferrous construction materials for industrial and 
commercial applications. Preferrential corrosion coatings including comparison of zinc and 
cadmium, seal coatings of such metals as nickel, chromium, copper, and tin are among the 
topics explained and discussed. Asecond article will discuss nonferrous base metals. 


ECONOMY is the basic reason for 
electroplating. Steel can be fabri- 
cated, for example, then plated for 
protection or decoration more cheaply 
than the same part could be made 
trom stainless steel, pure nickel, or 
some equally strong alloy with equiv- 
alent appearance, performance and 
corrosion resistance. Or, corrosion re- 
sisting alloys can be used and plated 
for pleasing appearance, such as 
plumbing supplies. Many applica- 
tions require nominal protection only, 
and plated steel is the obvious answer 
tor low cost production. 

Since steel is strong, inexpensive, 
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and usually easily obtainable, it is 
almost universally used for structures, 
machines, tools, and other products. 
Substitute metals or non-metals are 
used only when the particular mate- 
rial shows a definite advantage over 
steel for the particular service. But 
steel corrodes rapidly, even under 
normal ambient conditions, and has 
a relatively short life unless protected 
from the elements. Large areas not 
subjected to excessive erosion, abra- 
sion, or mechanical abuse are often 
painted. 

Many small parts such as tools, 
fixtures, and hardware that cannot be 


painted are usually protected by plat- 
ing. Steel has a gray to white metal- 
lic luster and is not particularly good 
looking nor beautiful. Many small, 
cheap, short life articles of steel are 
marketed without plating, but the 
improved appearance of plated ware 
at a few cents higher price will usu- 
ally outsell the unplated product. 
All materials used in products are 
found near the earth’s surface in 
their natural and most stable condi- 
tion. By physical or chemical trans- 
formation, the material is changed 
and shaped for use. During these 
transformations and the ensuing life 
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of the product, the material is re- 
lentlessly and continuously striving 
to return to its original and more 
stable state. This process by which 
metals change back into mineral sub- 
stances again is inclusively called cor- 
rosion whether oxides, hydroxides, 
chlorides, sulphides, or other sub- 
stances are formed. Only gold, plati- 
num and similar noble metals are 
found free in nature and can be main- 
tained for long periods as metals 
without deterioration. The corrosion 
processes are speeded up by the pres- 
ence of heat and moisture. All satis 
factory plates used on steel must re 
tard to some extent this corrosive 
action, 


Preferential Corrosion Coatings 


Certain electrodeposited metals pro- 
tect a steel surface because they will 
preferentially corrode instead of the 
steel, even though some steel is ex- 
posed. These metals are electronega- 
tive to steel in the electromotive se- 
ries. The two such metals must 
available are zinc and cadmium. All 
of the other metals used on steel, such 


140 


Zinc or cadmium is used to protect steel hardware or other items where appearance is not important. 


as copper or nickel, are electroposi- 
tive to iron and aggravate rusting 
of any exposed iron. They protect 
only to the degree that they completely 
seal the steel and thus expose only 
the more corrosion resistant plated 
surface. 

Both zinc and cadimum are of un- 
pleasing appearance and subject to 
rapid staining and corrosion, although 
they can be bright dipped or bright 
plated to give a satisfactory appear- 
ance to many articles. Both are soft 
and gall readily, so they provide poor 
wearing surfaces. Their corrosion 
products are unsightly and volumi- 
nous. Chemical treatments can _in- 
hibit this corrosion as long as the 
treated surface remains intact. Zinc 
being more active chemically, corro- 
sion and the effects of inhibitive treat- 
ments are more noticeable than with 
cadimum. Thus, many think that 
cadmium is superior to zinc. A test 
showed that after about 1,000 days 
exposure at 100 deg. F. and 100 per- 
cent relative humidity a chromated 
zinc plated mechanism was unsightly 
but still operative. A similar cad- 
mium plated part subjected to the 





same test was also unsightly when 
examined, but could not be operated. 
Both mechanisms had parts plated to 
an average of about 0.000 35 in. on 
significant surfaces. Zinc corrodes 
only moderately in hard water of 
about pH 8.5 such as is found in the 
middlewest. 

During the war, when cadmium 
was not available, much was learned 
about depositing zinc on_ steel 
and treating it for improved over- 
all durability. Preparatory cleaning 
methods are identical for either plate. 
The plating labor costs are prac- 
tically the same. Surface inhibiting 
costs are identical. However, for 
most work, inhibiting the surface is 
a “must” with zinc and optional 
with cadmium according to present 
commercial practice. Cadmium is pri- 
marily a by-product of the zinc indus 
try. About one pound of cadmium is 
produced for every 200 lb. of zinc. 
Its normal cost is 10 times that of 
zinc. Because of the scarcity of cad 
mium and the fact that its major 
uses are for electroplating and for 
bearing alloys, (both active require 
ments when manufacturing is at 
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high level) the cost fluctuates; cad- 
mium has gone to 35 times the price 
of zinc. ‘Therefore, from a com- 
mercial standpoint zinc is preferable 
to cadmium for most domestic ap 
plications. 


Seal Coatings 


Many applications require im- 
proved appearance or abrasion and 
wear resistance. Here a complete 
seal coating of nickel is adequate. A 
decorative chromium can be deposited 
over the nickel if its appearance and 
color are preferred. This coating is 
only about 0.000 015 to 0.000 025 
in. thick and has no practical utili- 
tarian value. 

All electrodeposits start from small 
nuclei at corners, high areas, crystal 
boundaries, or similar low-resistance 
points on the base surface, then ap- 
parently spread to cover the surface 
completely. This coverage is gen- 
erally porous. Thick plates have less 
porosity, but several superimposed 
plates are superior and less expensive. 

Thin nickel plates are often ap- 
plied directly to steel on small, short 
life, low costs parts such as kitchen- 
ware and 5 and 10 cent store articles. 
Not much protection is expected or 
obtained. The parts are bright and 
good looking. When washed after 
use, dried from a hot rinse, and kept 
in the kitchen ready for the next use, 
they last a long time. They stand up 
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under rough treatment and do not 
contaminate foods. 

It is much easier, faster, and 
cheaper to plate brass or copper un 
to steel and then nickel plate over 
this surface than to apply nickel 
directly. This is the usual com- 
mercial practice. Copper is more pop- 
ular than brass for this service. Cop- 
per and brass are easier to polish 
and buff, thus still further reducing 
costs. Another reason for using them 
is that it is extremely difficult to pre- 
vent peeling and blistering of nickel 
on nickel, and special precautions 
must be taken for good durability. 
Methods of depositing bright copper, 
nickel, and chromium are used. 

Many articles are fabricated from 
bright finished steel and then bright 
plated with no expensive polishing or 
color buffing. Articles requiring bright 
finish and only nominal protection 
are often given a combined plate of 
from 0.00 015 to 0.0002 in. thick. 
Many thousands of different articles 
come in this classification and are 
commercially acceptable, saleable, and 
satisfactory. When abuse is more 
severe or a so-called deluxe article is 
produced these thickness limits are 
usually doubled to give 0.0003 to 
0.0004 in. or more of combined plate. 

Porosity is known to exist in cop- 
per plate up to 0.0003 in. in thick- 
ness, and in nickel plate up to 0.0004 
in. in thickness. The sum total of 
plate thickness must not be less than 
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The appearance of various plated coatings after a long time exposure in normal humid air. 





0.001 in. on all quality work where 
there will be excessive moisture or 
condensation, or where relative hu- 
midities above 65 percent at tempera: 
tures above 80 deg. F. occur for long 
periods of time. 
Such arbitrary 
are not always acceptable to the engi- 


recommendations 


neers or shop because of cost, toler- 
ances, variations in plate from prom- 
inent or significant to insignificant 
surfaces, or because of difficulties en 
countered in maintaining uniformity 
from batch to batch or even between 
individual parts. The only answer 
is that a large number of tests show 
good freedom from porosity, spot 
corrosion or pitting, and_ blistering 
with this requirement in force. While 
there have been a few isolated failures, 
service reports show practically no 
troubles with these parts. Combina- 
tion plates totalling 0.0015 and even 
0.002 in. thick are being specified 
for some uses. 

Decorative chromium is very thin. 
It has no protective value and its 
wear resistance is only equal to that 
of the base upon which it is deposited. 
This is comparatively low if a thick 
copper and relatively thin (or strike) 
nickel is used. 

So-called hard chrome is not ap- 
plied for protective purposes, but for 
its hardness, toughness, ability to hold 
a good low-friction cutting edge, or 
to withstand wear and abrasion. It 
is not good unless the base for the 
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Zine plated ferrous parts before and after a 100 hr. salt spray test. 


deposit has a hardness above 52 Rock- 
well C, since it will itself crack from 
a softer, more ductile base metal. It 
is seldom good if the base is harder 
than about 58 to 60 Rockwell C be- 
cause the brittleness of the base metal 
causes fracture at edges or corners 
under stress. These plates when less 
than 0.0005 to 0.0008 in. thick, have 
low rust protective properties, though 
heavy plates on draw punches and 
dies do give good corrosion resistance. 

In mechanical industries there is 
little rust protective value in the use 
of tin on steel. But large amounts 
of tin are used for tin cans for food 
packaging. The tin does not affect 
mildly acid foods, and does protect 
foods from contamination by the steel 
that gives strength and durability to 
the can. The tin on the outside of 
the case is not sufficient protection 
from the elements. 

Thin tin coatings of controlled 
thickness held to close tolerance are 
deposited on steel sheets at high 
speed. The tin is fused to seal the 
porosity. High frequency induction 
heating provides an extremely rapid 
and efficient method of fusing this 
thin tin deposit. By this means, tin 
plate for the canning industry is pro- 
duced using only 1/3 to 1/2 the tin 
required by the hot dip tinplate 
method. This conservation was of 
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immense heip to the war effort since 
practically no tin was available ex- 
cept that already in stock at the start 
of the war. 

Silver or gold plating is seldom re- 
quired by mechanical industries ex- 
cept for electrical contacts or reflect- 
ing surfaces. Silver or gold plates are 
usually deposited over a good copper 
plate to the desired thickness of sev- 
eral thousandths for heavy service 
electrical contacts. 

Alloy plating is well established 
for yellow brass coatings. The short- 
ages of tin, nickel, and even zinc at 


” % 


the start of the war focused atten 
tion on plated alloy coatings of a 
white color as possible substitutes fo: 
these metals. The use of white alloy 
plating will probably continue even 
though tin and nickel will become 
available. In one type, the alloy 
plating is usually arranged and con- 
trolled to deposit binary alloys of 
high zinc and low copper, or copper 
and tin, that compete with nickel, tin, 
or chromium in appearance. 

Some low copper white alloys are 
relatively brittle and only thin coat- 
ings of the alloys are applied, usually 
over a copper strike. This means 
extra care in preparation of the sur- 
face prior to plating, and extra 
cost, and, in some instances, definite 
porosity with poorer protection. There 
is some staining and loss of appear- 
ance in continued moisture or heat. 
These alloys buff to a higher luster 
and are more durable than an equiv- 
alent thickness of nickel. 

A process of producing a silvery 
white alloy electrodeposit of copper, 
zine and tin was also developed at 
the start of the war. It has shown 
promise and is being widely applied 
since it provides a bright lustrous 
deposit, requires no buffing, is similar 
to chromium in appearance, and sur- 
passes nickel in both corrosion resist- 
ance and hardness for the same plate 
thickness. This alloy will solder more 
readily than tin plate, which is a dis- 
tinct manufacturing advantage for 
small parts requiring soldering. 

Like the steel base group, the gen- 
eral family of nonferrous base metals 
can be plated with different materials. 
These will be discussed next month. 


WHEN ENGINEERS were trying to pierce the Alps with the great St. Gothard 
tunnel in 1888, they struck rock so hard that it resisted almost every agency. 
Alfred Nobel, of Sweden, famed as one of the greatest inventors of explo- 
sives, became interested in this project and developed the mixture Ballistite, 
formed by mixing nitroglycerine and gun cotton, that enabled the tunnel to 


be completed. 


* * 


* 


‘THE IDEA of the camera had its beginning centuries ago in the sunlit country 
of Persia. At that time man lived in a darkened tent or hut for the sake 
of coolness, and whenever there was a small hole in it, an image of the 
scene outside would be projected in the opposite wall or floor inside. The 
earliest recorded use of this camera effect was made by Euclid, the geo- 
metrican of Alexandria, Egypt, about 325 B.C. and his purpose was to show 


that light travelled in straight lines. 


The idea was not followed up until 


the beginning of the 16th century when Leonardo da Vinci, the Great 
Italian painter and scientist, drew a working sketch of a pin-hole camera. 
It remained for his countryman, Giovanni Battista della Porta to make the 


first pin-hole camera in 1558. 
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Exhibit Brings Product Design Before Public 


UNVEILING OF THE FIRST POSTWAR 
EXHIBIT of the Society of Industrial 
Designers at the Philadelphia Art Alli- 
ance focused sharply on the new role 
which the professional industrial de- 
signer is playing in American Indus- 
try. Opening gun in a campaign to bring 
better understanding of product design 
before the public, the exhibit will be 
Detroit, Toledo, Buffalo, 
Kansas City, Milwaukee, Los Angeles 
and other key centers. 

The sixty-odd panels did not show, 
as some expected to find, futuristic 
drawings of proposed designs, but 
rather postwar products of recognized 
manufacturers. Products exhibited 
ranged from a new rotary toothbrush 
operated by pressure from the water 
faucet to streamlined trains and a ship’s 
cabin furnished in stainless steel; and 
from a hydraulically-operated surgeon’s 
stool to a strip rolling mill. 

Not content merely to satisfy public 
taste for streamlined-looking products, 
many of the panels stressed the rede- 
signing process that had taken place. 
This was not the “traditional” role of 
the stylist, whose function is still held 
by many industry quarters to that of a 
“coverer-up” who smooths out the 
bumps of an awkward looking machine. 
Demonstrated forcefully was the func- 
tional design of machines and consumer 
products from the ground up. 


shown in 


Such 





a panel was that showing the redesign 
of a meat slicer of the Hobart Mfg. 
Co., Troy, Ohio, by Egmont Arens, 
New York designer. As shown in 
the accompanying illustration the panel 
illustrated five main points of the re- 
design. 

It was no accident, according to the 
designers, that functional design and 
redesign also results in a better-looking 
product. How widely this view is be- 
ing accepted by industry is still an open 
question, although it is certain that 
acceptance is growing. Widest recep- 


tion seems to be coming from the small 
manufacturer, who has a small engi- 
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neering department, or none at all. Be 
must put an efficient and 
attractive product on the market to 
meet postwar competition, he buys the 
designer’s services on a “package” 
basis—the combination of engineering 
and styling. 

An example of such a design job 
was provided by Benjamin L. Webster, 
New York designer, who presented a 
two burner electric hot plate, designed 
for the Aviation Equipment Company, 
Wilkes-Barre, Pa. Unlike the meat 
slicer, this was not a redesign job, but 
represented a completely new problem 
to the designer. Requirements for the 


cause he 






















Society of Industrial Designers 





An example of functional redesign is this meat slicer designed 
by Egmont Arens for the Hobart Mfg. Co., Troy, Ohio. Objec- 
tives: (1) Motor housing—eliminate separate casting, make it part 
of base casting; (2) sharpening ass 

knife, install as retractable gear inside motor housing; (3) dirt 
trap — open up under knife; (4) finish — eliminate striping, use 
Alumilite finish; (5) slicer adjustment—easy to read and clean. 


anism—remove from over 
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Two burner electric hot plate designed for the General Aviation Equipment 
Company, Wilkes-Barre, Pa., by Benjamin L. Webster of New York. 


Existing production 
equipment (such as stamping presses 
with a maximum draw of 1 5/8 inches) 
had to be utilized; O.P.A. prices (now 
cancelled) had to be met; only avail- 
able electrical components could be 
used. 

The “small” company is not the only 
type of industry making use of the pro- 
fessional designer. New manufactur- 
ing divisions of large organizations are 
turning toward him. Examples of this 
were seen in the new household appli- 
ances being marketed by General Mills. 
Designed by Francesco Collura, Gen- 
eral Mills’ new side rest electric iron 
and a pressure cooker were exhibited. 

More than just a peculiar trend 
which the designer is taking advantage 
of, this “sideline” situation had indi- 
cated something else. The professional 
designer can work with established en- 
gineering departments of older com- 
panies. ‘This may or may not harken 
back to the old “covering up” days at 
the present time, but the trend is awav 
from this. J. M. Little and Associates 
(working with the firm of Gustafson, 
Blank and Deitrickson) showed a rede- 
sign of a turret lathe for Gisholt Ma- 
chine Company, and a traveling crane 
for Manning, Maxwell and Moore. The 


design included: 
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turret lathe appeared to the observer 
to be not much more than a stream- 
lining job, but the fact that an indus- 
trial designer was on such a job was 
considered significant. 

The collaboration of designer and 
engineer was evident throughout the ex 
hibit, in the abundance of “engineered’”’ 
products. Featured were such things 
as production machines and tools of 
many kinds, hydraulic hoists, produc- 
tion plant design (rolled steel strip 
mill), spray booths, radio cabinets, 
soldering irons, hydraulic bumper jack, 
gas heaters, plumbing fittings, hydraulic 
motors. Also shown was a full line of 
consumer products—an orange juicer, 
sewing machines, bicycles, percolators, 
hearing aids, mouse trap, waffle iron, 
washing machines, typewriters, cameras 
and clocks. 

Significant, also, was the attention 
paid by designers to all engineering fac- 
tors, especially to the question of ma- 
terials. Wherever possible, designers 
tried to achieve maximum strength- 
weight ratios, balanced by low cost. 
The use of new plastics and laminates 
was encouraged. Other products shown 
were made of light metals or stainless 
steel or various combinations. 

Large, well-established manufactur- 


ers are still resisting the “new” philos 
ophy of the professional industr‘al de 
signer. Resistance, however, is bein 
overcome, according to the Society of 
Industrial Designers which points t 
the fact that two of its members ar: 
employed by the General Electric Com 
pany. The fact is, however, that about 
half of the Society’s 69 members ar 
independent practitioners who from 
their own offices serve a number of 
different manufacturers. The othe: 
half works for the first half, with a 
tiny percentage employed by large firms. 
Designers, however, point out that al 
most every manufacturing organization 
employs an industrial designer in one 
form or another. 


Simplified Aero Instruments 
Urged at SAE Meeting 


WaAYs OF SIMPLIFYING the array of en- 
gine instruments used by the pilot of 
modern large airplanes were suggested 
by G. W. Newton and W. K. Klose, 
two Boeing Aircraft Co. power plant 
engineers, in a report to the national! 
aeronautic meeting of the Society of 
Automotive Engineers in Los Angeles. 
All levers or instruments not needed 
when the engine is operating properly) 
should be removed from view. 

The two men offered as one possible 
solution of the problem a one-lever-per- 
engine, four-secondary-switches-per-air- 
plane system in which would be com- 
bined all of the engine controls that 
the pilot needs to operate during normal 
starting, flying and landing of the plane. 

Under such an arrangement, visible 
engine instruments would be confined to 
one power meter for each engine, sup 
plemented by one red light above each 
meter and a bank of red and amber 
lights below. The red light above would 
turn on whenever the horsepower of 
that particular engine exceeded a cer- 
tain limit of variation from symmetrical 
power. The smaller red and amber 
lights below would show when oil pres 
sures, revolutions-per-minute and oth 
factors were above or below actu 
critical values. 

Other engine instruments would 
hidden behind removable panels, a s 
gle light showing variance from norn 
operating limits. Additional controls 
such as overrides for ground checko 
fall back controls and the like would 
be accessible under a single large pane! 
to the rear of the engine control lev 
Totalized available fuel would 
shown by one dial. Such a plan would 
allow elimination of 30 or more pov 
plant instruments and a correspond 
reduction in controls. 
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RESEARCH NOTES 





International Congress 
For Applied Mechanics 


The Sixth International Congress for 
Applied Mechanics held in Paris at the 
Sorbonne last fall brought together for 
the first time since the war those scien- 
tists interested in theoretical and ex- 
perimental work on the elastic and plas- 
tic properties of materials and struc- 
tures, fluid mechanics, vibration, sound, 
friction and _ lubrication, thermody- 
namics, combustion, and heat transfer. 
The last meeting was in Cambridge, 
Massachusetts, in 1938 when the Amer- 
ican representatives on the international 
committee were J. S. Ames (since de- 
ceased), J. C. Hunsaker, Theodore 
von Karman, and S. Timoshenko. At 
this Congress Hugh L. Dryden, Asso- 
ciate Director, Bureau of Standards, 
was elected to the international com- 
mittee as the fourth U. S. representa- 
tive; H. U. Sverdrup and R. von Mises, 
who now reside in the U. S., were 
elected individual members. 

The Congress was organized by a 
French organizing committee. The at- 
tendance included about 100 English- 
men, 100 Frenchmen, 52 Americans, 
large delegations from Belgium, Hol- 
land, Italy, Switzerland, 
Czechoslovakia, many from Sweden, 
Turkey, Poland, three from Russia, 
two from China. Most of the lead- 
ing workers in the field were present. 
It was decided that the next Con- 
gress would be held in 1950, but the 
pl ice was not selected. 

During the Congress the _ interna- 
tional committee approved the forma- 
tion of an International Union of Ap- 
plied Mechanics to be affliated with 
the International Council of Scientific 
Unions. 

The Congress was divided into four 
sections: 

1. Structures. 


Roumania, 


Elasticity. Plasticity. 
2. Hydro and aerodynamics. 

3. Dynamics of solids. Vibrations 
and sound. Friction and lubrication. 
4. Thermodynamics. Heat 
fer. Combustion. 
Theoretical 


Trans- 
questions relating to 
nuclear energy. 

In addition to regular sessions of 
the four sections, a number of sym- 
posia were arranged: On turbulence, 
seaplanes, plasticity, jet propulsion and 
turbo-machines, hydraulics, friction and 
lubrication, supersonic flow, methods 
of calculation, impact, wing 
instruments and measurements. 
The Congress opened with a lecture 


theory, 


Propucr ENGINEERING — Marcu, 194 





delivered by Professor Ives Rocard on 
methods of treating problems of non- 
linear vibrations, with a great variety 
of illustrations of practical problems. 
Section 2 then convened with papers 
by F. B. Farquharson on the aero- 
dynamic stability of suspension bridges, 
E. Crausse on an example of res- 
onance due to alternate vortices in a 
hydraulic installation, M. Craya and 
P. Gariel on the theoretical and ex- 
perimental aspects of the flow in super- 
posed layers of fluids of different den- 
sities. 

The first session of the turbulence 
symposium was held on Monday after- 





noon. At this session H. L. Drydon 
presented a paper entitled “Some recent 
contributions to the study of transition 
and turbulent boundary layers”. The 
paper aroused much interest since it 
contained the first public announcement 
of the work of Schubauer and Skram- 
stad, both of the National Bureau of 
Standards, in verifying experimentally 
the Tollmien-Schlichting theory of 
boundary layer instability and the first 
complete measurements of the turbulent 
stress tensor in a separating turbulent 
boundary layer. G. K. Batchelor of 
Cambridge, England, described meas- 
urements of certain new aspects of 





Swiss Power Unit Gives 


REVEALED IN A TECHNICAL SESSION 
during the A.S.M.E. annual meeting 
was a radical power unit developed by 
Brown Boveri, Swiss power plant man- 
ufacturers. Called “Comprex’’, the 
unit is said to add as much as 50 per- 
cent to gas turbine output. It is in- 
cluded in the design of Brown Boveri's 
new 4,000 hp. locomotive. 

Comprex is a pressure exchanger 
driven from the main rotor shaft. The 
rotating device is cylindrical and fitted 
with helical longitudinal passages. Air 
is taken off the gas-turbine compressor 
and fed into the rotating cylinder. A 
portion of the air, meeting a smal! 
valve, builds up pressure much in the 
way a hydraulic ram does. This small 
portion of higher-pressure air is di- 
rected through the combustion chamber 
turbine 


and thence to an _ auxiliary 


High Turbine Efficiency 


which helps drive the gas-turbine unit. 
The remainder of the air, after being 
heated in the chamber, 
mixes with the exhaust air from the 
auxiliary turbine and is then directed 
into the main-drive turbine. 
According to Brown 


combustion 


Boveri engi- 
neers, a compressor-turbine combina- 
tion now in regular service in a 2,500 
hp. locomotive in France produces 4,000 
hp. when fitted with a Comprex unit. 
The device adds only 4 ft. to the power 
plant, making it 44 ft. long over-all. 
Commercial application, however, may 
be limited to locomotive and ship pro- 
pulsion where compactness is of im 
Below, 
auxiliary turbine in- 
creases output and efficiency of open- 


mediate economic advantage. 
comprex, plus 


cycle gas-turbine unit for locomotive 
application. 
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isotropic turbulence. New experimental 
techniques were described. P. V. Chou 
gave a theory of turbulent flow along 
a semi-infinite plate. The other two 
papers at this session by A. Fage and 
A. D. Young were of a more practical 
nature, dealing with the effect of sur- 
face waviness and roughness on bound- 
ary layer transition and the drag of 
airplane wings. 


chiefly with the flow of liquids through 


The next session of section 2 dealt 


porous and granular materials and with 
the diffusion of small particles in a 
turbulent liquid. G. I. Taylor gave a 
general lecture entitled ‘Mechanical 
tests at large velocities of deformation”’. 
Taylor described a novel form of test- 
ing apparatus in which a lead bullet 
was fired into an anvil. The ratio of 
the elastic limit in a dynamic test to 
that in a static test was found to be as 





large as 3.0 in mild steel of low yield 
point, but the ratio decreases to 1.0 
when the steel is very hard. Similar 
results were obtained for duralumin. 

At the second session of the turbu- 
lence symposium the paper by D. C. 
MacPhail described hot wire experi- 
ments on the turbulence between con- 
centric cylinders at speeds up to far 
above the critical speed. The regular 
system of vortex rings which forms at 
the breakdown of laminar’ motion 
breaks up into fragments. Although 
the turbulence is actually three di- 
mensional the scale of the turbulence is 
so much larger in the axial direction 
than in the radial of circumferential 
directions that the behavor as to dissi- 
paton is roughly two-dimensional. Even 
at speeds far above the critical, the 
turbulence spectrum contains a_ band 
of preferred frequencies. 
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In the first session of the symposium 
on supersonic flow, W. F. Cope and 
G. A. Hankins described in two papers 
some theoretical and experimental work 
on the Reynolds Number effect on pro- 
jectiles at supersonic speeds carried out 
at the National Physical Laboratory. W. 
D. Hayes presented his theoretical treat- 
ment of linearized conical supersonic 
flow, J. Ackeret described very briefly 
the work in progress at the Zurich 
Aerodynamic Institute on shock waves 
and the mechanism of compressibility 
drag. John Stack of the NACA pre- 
sented a paper on the flow around a 
sharp leading edge of an airfoil at 
supersonic speeds. Pruden and Valensi 
showed pictures of shock wave patterns 
in high speed flow. At the closing ses 
sion, A. C. Charters, Jr. described the 
spark photography range of Aberdeen 
Proving Ground. 





Technical 


TECHNICAL ADVANCES in materials and 
fabrication techniques were discussed 
at the well-attended sessions of the 
Society of Plastics Engineers, held at 
the Congress Hotel in Chicago during 
the last week in January. Subjects 
covered included new types of molded 
products, low and high pressure lam- 
inates, new materials such as_ poly- 
tetrafluoroethyvlene, and new production 
methods, ranging from methods of mold 
heating to use liquid casting resins. 
Concurrent with the technical sessions, 
more than sixty exhibitors displayed 
both plastics products and services at 
Chicago’s Navy Pier. These included 
leading molders, laminators, mold mak 
ers, materials suppliers, and machin 
ery manutacturers. Feature of the 
show was a small molding press of one 
quarter ounce capacity, heated by re- 
sistance coils, which injection molds 
various products in any one of 21 stock 
molds. 


Production Techniques 


Lively discussions were held at each 
of the sessions devoted to production 
techniques. Special interest was evi- 
dent in the paper by Wayne F. Robb 
of the Shaw Insulator Company on 
“Auxiliary Plunger Transfer Molding.” 
This process is claimed to make pos- 
sible rapid production of parts from 
thermosetting materials. It is consid- 
ered more economical and quicker than 
ordinary transfer molding because the 
sprue is eliminated and flow proceeds 
directly from the central transfer cham- 
ber. See article on page 129 of Prop- 
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Sessions Highlight S.P.E. 


November, 
19460). Other processing discussions 
were: :“Dielectric Heating”, by T. N. 
Wilcox, General Electric Company; 
“Live Steam Preheating”, by Sven K. 
Moxness, Minneapolis Honeywell Reg- 
ulator Company; “Molding Television 


Beshgetoor, Radio 
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New President of the Society of Plas- 
tics Engineers—Thomas E. Orr, Vice 
President, Plastics Engineering, Inc., 
Cleveland, Ohio. Mr. Orr was elected 
at the annual meeting of S.P.E., which 
featured technical advances in mate- 
rials and production techniques. 


Meeting 


Corporation of America; and “Produ 
tion Fabrication of Polyester Resins”, 
by S. M. Shobert, Motor Tool Manu- 
facturing Company. 


Materials 


In the field of materials, a new ma- 
terial, polytetrafluoroethylene, was dis- 
cussed by A. J. Warner of the Federal 
Telephone & Telegraph Company. ‘This 
new polymer is noted for its heat and 
solvent resistance. Great interest was 
shown in other papers on materials: 
“Recent Advances in Copolymer Resins 
for Specialty Applications”, by W. H. 
Aiken, Goodyear Tire & Rubber Com- 
pany. This was a discussion of the 
new blends of synthetic rubber with 
vinyl, phenolic and other plastics ma- 
terials; “Physical Properties of Resin- 
Gypsum Castings” by John Delmonte; 
“Polystyrene Foam” by W. C. Goggin, 
Dow Chemical Company; “Molded 
Laminated Products” by T. W. Noble, 
Fabricon Products; and “Laminates 
Their Basic Position as Materials of 
Engineering” by R. L. Foote, Synthane 
Corporation. Mr. R. J. Metzler of the 
Hercules Powder Company disclosed 
a new type of laminate which aroused 
great interest. This is a thermoplastic 
laminate which is bonded with various 
cellulosic resins. These laminates will 
be made available as flat sheets and 
can be drawn to great depths with 
ordinary hydraulic equipment. Appli- 
cation of this material is predicted for 
kick plates, door panels and other auto- 
mobile parts requiring both scuff resist- 
ance and decorative appeal. 
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WASHINGTON NOTES 





President's Budget Message 
Includes Research Grant 


In his budget message to Congress, 
President Truman reemphasized_ the 
need for continued government. sub- 
sidy of scientific research and develop- 
ment by asking the legislators to ap- 
propriate more than a billion dollars 
for such purposes during the 1948 fiscal 
year. 


Army, Navy, Atomic Energy — Largest 
sponsors of federal scientific research 
for 1948 will be, as in the past, the 
Army, Navy, and Atomic Energy Com- 
mission. The combined Army and Navy 
programs for national defense will total 
$5 30,000,000, slightly over their 1947 
rate. In the Navy the most significant 
research appropriations from the total 
of approximately $200,000,000 are as 
follows: Office of Naval Research, $34,- 
400,000; Bureau of Aeronautics, $74.- 
487,000; Bureau of Ordnance, S49.- 
950,000; and Bureau _ of 
$29,000,000. On the Army’s side the 
Air Force will receive $146,000,000 ; 


Ships, 


Ordnance, $40,000,000; Signal Corps, 
$18,200,000; Engineers, $6,000,000; 
Chemical Corps, $6,000,000; Medical 
Corps, $3,100,000; and Quartermaster 
Corps, $2,500,000. The Army’s total is 
approximately $222,000,000. The re- 
mainder of the $530,000,000 appropria- 
tion is devoted to military salaries, 
travel, maintenance, and construction 
at military research establishments. 
The Atomic Energy Commission, re- 
sponsible for both military and indus- 
trial development of nuclear energy, 
will expend $443,000,000 next year. 
Provisions, however, were made in the 
President's budget for a full $500,000,- 
000 program by means of a_ recom- 
mended appropriation of $250,000,000 
and an additional contract authority to 
finance current expenditures up to 
$250,000,000. The estimated $443,000,- 
000 expenditure is to include not only 
research and development projects for 
military and civilian needs but also 
ts of construction of new projects 
as well as operating the Manhattan 
District and other existing facilities. 


COS 


The recommended appropriation for 
the Department of Commerce research 
Program is $14,000,000. Included in 
this amount is $10,000,000 for the Bu- 
reau of Standards, $415,000 of which is 
to purchase and install a new betatron 
to study x- and beta-radiation above 
1,400,000 volts. The research and test- 
ing program of the bureau will receive 
$8,000,000. The Office of Technical 
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Navy's First Propjet Combat Plane 


A NEW SHARK-NOSED Ryan. all-jet 
fighter plane, more formidable than 
the FR-1 Fireball, with much greater 
speed and climb, has been developed 
for the U. 
for the past two months at the govern- 
ment’s Muroc Lake desert test base 
and at the company’s factory, both in 


S. Navy and has been flying 


California. Actual pertormance figures 
of the new bullet-like Ryan XF2R-1 
are restricted by security regulations, 
but based on published reports of the 
earlier FR-1 model, the new Navy jet 
fighter is probably in the 500-mile-an- 
hour class. Details of the planes arma- 
ment have not been released. ‘The 
“dark shark” Fireball, as it is known 
at Muroc, is the first Navy combat 
plane, and the second of any type in 
this country, to be powered by a gas 
turbine engine turning a propeller. 
Pioneering the “prop-jet” engine field 
for the Navy Bureau of Aeronautics, 
the XF2R-1 is serving as a flying lab- 
oratory to obtain operational experi- 
ence with this new type power plant, 
its propeller and other engine acces- 
sories. ‘Che new Ryan became the first 
plane in this country powered by a 
“prop-jet” engine to make a_ cross- 
country flight when it recently flew 


from Muroc to the factory at San 


Diego, where it is now based for fur- 


ther performance and acceptance tests. 
Like the basic i R I Fireball Navy 
fighter, the new Rvan X F2R-1 uses a 


] 


two-engine power plant combination, 
with the front engine turning a propel- 
ler. The XF2R-1, however, is an all-jet 
airplane in that power for the pro- 
peller is supplied by a General Elec- 
tric TG-100 gas turbine “prop-jet” 
engine. In the original FR-1 design, 
the propeller was driven by a conven- 
tional reciprocating engine. 

As in the FR-1 model, the XF2R-1 
has a separate thermal jet engine in- 
stalled in the aft fuselage section to 
supplement power of the propeller in 
giving peak performance for terrific 
bursts of speed and phenomenal climb. 

The new shark-like Fireball has an 
extended forward fuselage section to 


house the “prop iet’ engine. ‘I 





] 
Is iong, 
pointed nose has increased the plane’s 


} 
tn t 


overall leng to 36 feet, almost 4 feet 
longer than the FR-1 model, and gives 
the plane its sleek, bullet shape. The 
extended length also has the effect of 
placing the wing relatively farther to 
the rear. To take care of the greatly 
increased torque, both from the pro- 
peller and the spinning turbine wheel, 
a larger dorsal fin-section has been 
added to the standard FR-1 fuselage- 
tail structure. 





Services Department of Commerce, was 
recommended $3,400,000. Of _ this 
amount, $500,000 may be transferred 
to the Bureau of Standards for testing 
and other scientific studies; $1,105,000 
is to be used for subsidizing industrial] 
research and development, particularly 
in the field of applied science. The 
Technical Industrial Intelligence Divi- 
sion, which has been disseminating 
technical information applicable to in- 
dustrial processes developed during the 
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war in the United States and enemy 
countries, will receive $625,000. Also 


included in the Department of Com- 


.merce appropriations is $5,000,000 for 


a census of manufacturers pending leg- 
islative approval by Congress. 

The Bureau of Mines, Department 
of Interior, will receive approximately 
$16,000,000 to continue its research 
studies and investigations on synthetic 
fuels, coal, oil and gas, and mineral de- 
posits. The synthetic fuels investiga 
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Gyropilot Makes Landings Safer 


To INSURE GREATER SAFETY for airline passengers, especially 
in bad weather, United Airlines have put into service the 
Sperry A-12 Gyropilot, incorporating automatic approach 
control. Installed on Martin 2-0-2 and 3-0-3 planes, the 
equipment, which has been test-flown since the end of war, 
works this way: 

As the airplane comes within five to ten miles of the air- 
port, the human pilot turns on the switch for the automatic 
control accessory for landing. The plane’s very high fre- 
quency radio receiver then picks up radio signals from the 
airport localizer and from the airport’s glide path. 

The cross pointer on the instrument then shows the 
descent of the plane with the localizer indicating the left 
or right direction on the vertical line in the pointer, and the 
glide path indicating the angle of descent on the horizontal 
line on the pointer. Thus, the plan is led automatically 
down the precise sloping beam, to a point preselected with 
respect to the airport landing strip. 

In the meantime all the human pilot has to do until the 
wheels hit the ground is monitor the automatic approach. 
As long as the vertical needle and horizontal needle of the 
cross pointer are at right angles, the human pilot knows 
the plane is on the right course and is making the proper 
descent down the glide path. The descent is made at a 
comfortable rate of 300 feet per minute. 

With localizer and glide path equipment currently being 
installed in many busy airports along the nation’s air routes, 
the contributions to all-weather flight and schedule improve- 
ment are inherent in the A-12 Automatic Approach Control. 
Many famous airlines have adopted the A-12 Gyropilot 
for their new luxury fleets now under construction. 

Reason for such widespread endorsement: The A-12 
Gyropilot from its inception has been designed to stabilize 


1-12 GYROPILOT 
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an aircraft well, even in rough air, providing optimum 
comfort to the passenger. In addition, precision navigational 
guidance is afforded by the revolutionary Gyrosyn Compass 
which provides stable directional reference under all con- 
ditions of air turbulence, is north-seeking without apprecia- 
ble northerly turning error, oscillating or hunting, and 


requires no resetting since it is free from gyro drift. 





tions alone were appropriated $5,000,- 


is no guarantee that these funds will be 


the new Joint Senate-House Commit- 


000; metallurgical research received granted, since many Congressmen are tee on Atomic Energy. This com 
$1,600,000. anticipating a budget of 28 billion dol- mittee, composed of nine senators and 
lars rather than the 37.5 billion rec- nine representatives, will handle all 


National Science Foundation _ - The 

ommended. 
President also recommended that a 
National Science Foundation or its 
equivalent be established by Congress 
to correlate and encourage the research 
activities of this country. He stated 
that “While freedom of inquiry must 
be preserved, the Federal Government 
should accept responsibility for foster 
ing the flow of scientific knowledge and 
developing 


tee hearings are 


scientific talent in our 
vouth.”” Also pointed out was the fact 
that the Scientific Research Board ap- 
pointed last October is making a study 
of the Federal Government’s research 


Should 
budget be reduced, it can be expected and also study the activities of the 
that some of the scientific research ap- 
propriations will be cut accordingly. 
Congressional appropriation commit- 


the next few months. 
Atomic Energy Commission 


taken over the organization and prop- 
erty of the Manhattan Engineering Dis- 


legislation that deals with atomic energy 


the President’s 


Atomic Energy Commission. 
Senator Hickenlooper, who assumes 
the position formerly held by Senator 


now under way and Brien McMahon is strongly in favo 
final decisions will be forthcoming in 


of the Baruch Plan of divulging atomi 
information to other nations only after 
a workable inspection setup has been 
established which cannot be voided by 
any nation’s veto. 


The Atomic Energy Commission has 


Future of Jet Engine 
Depends on Congress 





program in relation to all other re- 
search activities planned or in progress. 
Its report will be of service in estab- 
lishing a program for the new agency. 

No appropriation was recommended 
for the Office of Scientific Research 
and Development, since it is expected 
that this ofhice will be liquidated before 
July it. 


President Truman's recommendation 
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trict which until now has been in War 
Department hands. In order to prevent 
any interruption of the present opera- 
tions the agency will receive the entire 
organization virtually intact. Tem- 
porarily the War Department will as- 
sist the commission with certain ad- 
ministrative and security details. 


Joint Committee 
Senator B. B. 


Senate leaders picked 
Hickenlooper to lead 
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Present production of jet aircraft 
power plants is mainly in the hands 
of non-air companies—General  Elec- 
tric and Westinghouse. The Govern- 
ment passed it to them during the wa! 
because Pratt and Whitney, Wright 
Aeronautical Allison Division of Gen- 
eral Motors, and others, had to build 
piston engines to win the war. 

At present, most jet contracts are 
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essentially developmental. If Congress 
s too slow in granting funds for air 
forces volume procurement of jet 
power, the non-air jet manufacturers 
might relinquish the industry to the es- 
tablished builders of piston engines. 

Army and Navy—Non-air people may 


not have final say in the matter. Al- 
ready, jet project chiefs in Army and 
Navy have expressed concern that it 
was necessary to place their contracts 
outside the aircraft engine field. In at 
least two cases, they have split non-air 
projects, giving jet production and fur- 
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ther development back to the piston 
people. If it is true, as they believe, that 
established engine companies can do a 
better job, their argument is that those 
companies must survive for any emer- 
gency. Of course, the Air Forces want 


to maintain all the able producers. 
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from examination will be perma- 
nently legalized. Complete specifica- 
tions must therefore be submitted 
on the application. 


Stainless Coloring 
Developed in Russia 


A method of changing the color 
of stainless steel by adding several 
elements to the alloy has been evolved 
at the Stalin Steel Institute in Mos- 
cow. 

Academician N. T. Gudtsov, un- 
der whose supervision this work is 
being conducted, told the Russian 
press that the steel thus treated 
acquired a golden hue. It melts well 
and is suitable as a decorative mate- 
‘ial for architectural and sculptural 
purposes. The use of this colored 
steel will be of considerable economic 
value since it will require no pro 
tective coating. The new steel is 
now being tested for resistance to 
corrosion. 


Shortages of Technical 
Resources in India 


Details of a survey prepared by 
a group of U.S. engineers for the 
Indian Government in 1945 are just 
coming to light, providing an in- 
teresting yardstick for measuring In- 
dian technical capacity and indicat- 
ing the goals for which she must set 
her sights. 

Based on inspection of more than 
50 private and government-owned 
factories and industrial plants, the 
survey takes the view that India 
has made a good start towards meet- 
ing her own needs in several cate- 
cories of heavy and light machinery, 
electrical products, prime movers 
and basic machine tools. Hindering 
better progress are: (1) A great 
shortage of well-trained technicians 
and supervisors, especially of men 
who have had actual experience in 
eficient plants; (2) Lack of stan- 


dardization of production methods, 
which bars interchange of skilled 
workers and raises costs; (3) Pau- 
city of concerns manufacturing se 
ondary productive articles such as 
precision gears, taps, dies and ream- 
ers; (4) Scarcity and unreliability 
of statistics on which sound esti 
mates of needs for productive equip 
ment can be based, and on which 
market demands can be assessed; (5) 
Low mass purchasing power which 
restricts demand for consumer goods 
which could be produced under 
wider industralization. 


Scandinavian Patents 


The Swedish Inventors’ Associa 
tion has petitioned the Government 
to investigate the possibility of an 
agreement to the effect that a patent 
granted in one of the Scandinavian 
countries could be valid, without too 
extensive formalities, in the other 
countries of that group. 


Russian Model Plant 


An experimental factory to man- 
ufacture working models of new ma- 
chines and instruments for the 
railways has been set up by the 
Moscow Electral-Mechanical Insti 


tute of Transport Engineers. 


Russian Luxury Car 


A high-powered “saloon” car, 
known as the SIS 110, is now being 
manufactured in quantity at the 
Stalin automobile factory in Mos- 
cow. The engine, of the eight-cy! 
inder in-line type, develops 140 hp. 

A grille with chromium-plated 
slats conceals the radiator. There 
are no running boards. Retractable 
steps which swing outwards when 
the doors are opened are incorpo 
rated instead. Among the refine 
ments are push-button electrically 
operated windows. The upholstery 
is leather covered and there is an 
air-conditioning system. Seven people 
can be accommodated in comfort. A 
radio set forms parts of the stan- 
dard equipment. 








J 
Foreign Reports 
Australia Limits Time 
On Patent Examination 

Foreign as well as native patent 
applicants are affected by Australia’s 
Patent Bill 1946. Revision of exist- 
ing patent legislation has become 
necessary in view of the mounting 
backlog of pending applications, due 
to depletion of the Patent Office 
staff in the face of a fast growing 
number of applications. As several 
years are now required for examina- 
tion; the statutory working life of 

- sixteen years, counting from the date 
ol of application, has been shortened 

to the detriment of inventors, and 
= many new processes and designs have 

é not been made public. 

a- ‘ _— 

a . nder the revised legislation, the 
full specification will be published 
without examination three months 
after the application is filed. U.S. 

it inventors, who frequently filed ap- 

; plications before lodging  specifica- 
ea tions with the Washington Patent 
a Office, are therefore running the risk 
“ee of having their own specifications 
ve cited against identical applications in 
g ae 
the the U.S. and in third countries, un- 

less they act within three months. 

, It will also be necessary for U. S. 
nas inventors to obtain copies of Austra- 
sg lian specifications to detect claims 
we which conflict with features in their 
sa own inventions, and to lodge oppo- 
ne sition with the Commonwealth Pat- 

by ent Office. Under the new system, 
the work of examining for novelty 
will largely devolve on competing 
nventors. An American application 
in Australia may destroy an Austra- 
lian application’s novelty, even if 

eabt filed later, in cases where priority 
os in be claimed for a corresponding 
uae U.S. application. Action for in- 
tie fringement may be taken after the 
wat specification has been accepted and 
ight sealed. 

’ on- Another noteworthy point is that 

ast the temporary wartime measure of 
excluding provisional specifications 

ire 
— 
947 
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Engineers Discuss Technical Advances 


Latest developments and newest tech- 
nical advances for reducing cost, in- 
creasing output, insuring safety, and im- 
proving products were discussed by the 
3,200 engineers and scientists that at- 
tended the recent AIEE Winter meet- 
ing in New York City. The technical 
program was the largest in the Insti- 
tute’s history, consisting of 16 engineer- 
ing conferences, and more than 100 
papers presented at 26 technical ses- 
sions. 

In the industrial field, meetings were 
held on textile machinery, electric weld- 
ing, aircraft safety, industrial instru- 
ments, metallic rectifiers, new electronic 
devices, computers, and 
other topics. In the field of science, ac- 
tivities included launching a study of all 
ten methods of 
power. 


large-scale 


producing — electric 


Textile Machinery 

The textile industry will probably 
feel the full impact of recent develop- 
ments in the next 3 to 5 years accord- 
ing to J. D. McConnell of the Prox- 
imity Mfg. Co. He reported, “Today 
the industry is conversant with such 
things as infra-red and radio frequency 
heating, control of static electricity by 
high-voltage and radioactive ionization, 
stroboscopic observation and photogra- 
phy, and the application of vacuum tube 
devices for measurement and control of 
temperature, moisture content, machine 
speed, and color values.” 

Mr. E. C. Gwaltney and Mr. H. J. 
Burnham of Saco-Lowell Shops, re- 
ported that general use of a newly de- 
signed 2-for-1 twister will produce a 
higher quality yarn with less variation 
in twist and at an electric power cost 
only one-third of that for conventional 
twisting machines. Use of the machine 
is confined to the twisting of fine denier 
rayon and nylon at the present time, 
but the designers state that “it is ex- 
pected that 2-for-1 twisters will even- 
tually replace all forms of twisting ex- 
cept on those yarns requiring an ex- 
tremely low twist” and that there are 
“over ten million spindles in the United 
States alone twisting the tvpe of yarn 
to which the present 2-for-1 twister is 
suited.” The machine produces stronger 
yarn for women’s underwear, hosiery, 
and dress goods by twisting a strand of 
fibers twice instead of once every time 
the spindle revolves. Each spindle is 
driven by an individual motor rather 
than an endless belt, thus effecting what 
the designers term a “tremendous re- 
duction” in the number of fabrics rated 
as seconds because of oil and dirt. 
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The meetings on servomechanisms for 
industrial use were lively and well at- 
tended. Mr. G. J. Schwartz of Arma 
Corp. discussed some aspects of auto- 
matic cqntrol systems. Two basic types 
of servomechanisms were compared by 
Herbert Harris of Sperry Gyroscope 
Co., and a technique for developing 
electromechanical systems on the _ lab- 
oratory was explained by G. C. New- 
ton and W. ‘T. White of Sperry. A 
method of quickly and accurately de- 
termining the performance character- 
istics of a servomechanism by electrical 
analogy was described by S. W. Her- 
wald, Westinghouse Electric Corp. 


Rapid Computer 


A high speed computer that will com- 
plete in 5 min. calculations that would 
take a human operator one year was 
described by Jay W. Forrester, associ- 
ate director of the Servomechanisms 
Laboratory at the Massachusetts Insti- 
tute of Technology, where the compu- 
ter is being developed under the spon- 
sorship of the Office of Naval Re- 
search. Mr. Forrester was one of a 
panel of 


describing the 
“mechanical brains” being developed at 
the six leading centers of digital com- 


speakers 





Devising means for commercial use 
of atomic energy will bring "A funda- 
mental revolution in our industrial and 
social civilization,’ predicted Dr. 
Lewis W. Chubb, Director of the 
Westinghouse Research Laboratories, 
East Pittsburgh, Pa., in receiving the 
John Fritz Medal at the Winter Meet- 
ing of the American Institute of Elec- 
trical Engineers. Left to right: Dr. 
Chubb; Mr. N. E. Funk of Philadel- 
phia, Chairman of the Award. 
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puter research in the United States. 
“Electronic computers will require se 

eral years to develop sufficiently for 
general scientific, military and indus- 
trial use but will then be readily repro- 
ducible,” Mr. Forrester stated. He pre- 
dicted that such computers will in time 
be used to control processes in chemical 
plants and “automatic factories.” 


Instruments 


Several interesting instruments were 
discussed. Mr. Joseph Manuele of 
Westinghouse reported that an electric 
gauge has been developed that does not 
touch the material being gauged. The 
gauge makes use of X-rays for com 
paring two thicknesses. The X-rays are 
split into two streams. One of these 
streams is made to pass through a 
“standard” and then is picked up by a 
photoelectric cell. The other stream is 
made to pass through the specimen be- 
ing gauged and then is also picked up 
by another photoelectric cell. This 
gauge will compare the thicknesses of 
any two parts which can be placed in 
the path of the X-ray stream, steel 
sheets, glass mica and textiles can be 
compared readily. The kind of mate- 
rial, its hardness or texture is of no 
importance. Another instrument, called 
a “cathode ray oscilloscope hysteresis 
loop tracer,’ was presented in a paper 
by D. E. Wiegand and W. W. Hansen, 
both of the Armour Research Founda- 
tion of the Illinois Institute of Tech- 
nology. Designed as a research tool, the 
instrument continuously pictures on a 
lighted screen the magnetic properties 
of the recording wire being tested, thus 
making possible rapid and_ detailed 
analysis of new combinations of alloys. 
It can test samples much smaller than 
can be used conveniently with the pres- 
ent ballistic test method. 


Aircraft Equipment 

Further improvements in the elec- 
trical equipment of aircraft to make 
the system “as foolproof as is humanly 
possible” were discussed at the confer- 
ence on aircraft safety. Mr. A. A. Gra) 
of the C. A. A. pointed out that the 
Authority was no longer “much 
cerned” with major items of electrical 
apparatus for airplanes, because fail- 
ures there occurred so seldom and were 
so well protected, but advised manu- 
facturers to concentrate on improving 
the “two-bit items” such as switches 
and indicator lamps. Mr. Earl Barlow 
of Glenn Martin Co., pointed out the 
need for electrical systems which would 
require a minimum of servicing. 
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MEETINGS 


March 17-19 

Chicago Technical Societies Council 
—Annual Conference, with Production 
Show, Stevens Hotel, Chicago, Ill. 


March 17-22 

American Institute of Mining and 
Metallurgical Engineers—75th Anni- 
versary Celebration with World Con- 
ference on Mineral Resources, and an- 
nual meeting, Hotel Waldorf-Astoria, 
New York, N. Y. 


March 18-20 
Packaging Conference and Exhibi- 
tion—Auditorium, Atlantic City, N. J. 


March 22-29 

American Society for Metals—West- 
ern Metal Congress and Exposition, 
Oakland, Calif. 


April 7 

Packaging Machinery Manufacturers 
Institute—Semi-Annual Meeting, Hotel 
Warwick, Philadelphia, Pa. 


April 7-10 

National Association of Corrosion 
Engineers — Annual Convention, 
Palmer House, Chicago, Ill. 


April 8-11 
American Management Association 
Sixteenth Annual Packaging Exposi- 
tion, Convention Hall, Philadelphia, 
Pa 


April 9-11 

Society of Automotive Engineers— 
Spring Aeronautic Meeting, Hotel New 
Yorker, New York, N. Y. 


April 16-18 

Society of Automotive Engineers— 
Transportation Meeting, Hotel Ste- 
vens, Chicago, III. 


April 28-May 1 

American Foundryman’s Associa- 
tion—5lst Annual Convention, Book- 
Cadillac and Statler Hotels, Detroit. 


April 29-May 1 

Industrial Packaging and Materials 
Handling Exposition—Hotel Sherman, 
Chicago, Ill. 


Society of Automotive Engineers— 
Personal Aircraft Meeting, Hotel Las- 
sen, Wichita, Kansas. 


May 5-11 

Society of the Plastics Industry— 
National Plastics Exposition, Colise- 
um; Annual Meeting, Hotel Stevens; 
Chicago, III. 
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Dr. VANNEVAR Busu, chairman of the 
newly created Joint Research and De- 
velopment Board of the Army and 
Navy, received the Hoover Medal for 
1946 “for outstanding public service” 
at the Winter Meeting of the American 
Institute of Electrical Engineers in the 
Engineering Societies Building, 33 West 
39th St., New York. 

The citation described Dr. Bush 
(center), wartime director of the Office 
of Scientific Research and Development, 
as the “Engineer, educator, and admin- 
istrator, who, in critical times of need. 
was in a most special sense an organ 


izer, guiding spirit, and driving force 
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of the nation’s achievements in physical 
and medical science.”’ 

Scott Turner (right), of Greenwich, 
Conn., Chairman of the Hoover Medal 
Board of Awards, made the presenta- 
tion. The presentation address was de- 
livered by E. L. Moreland (left), exec- 
utiv® vice president of the Massachu- 
setts Institute of Technology. 

Dr. Bush is the ninth man to receive 
the Hoover Medal, deemed one of the 
outstanding honors of the engineering 
profession. The award is made by the 
A.I.E.E., A.I.M.M.E., A.S.C.E., and 
the A.S.M.E. to “ 


distinguished public service.” 


a fellow engineer for 





DISCUSSIONS AND COMMENTS FROM READERS 





"Meeting the Shortage 
Of Engineers" 


To the Editor: 

1 read the editorial “Meeting the 
Shortage of Engineers” in the De- 
cember issue of Propuct ENGINEERING 
with great interest. I think the basic 
implication of your editorial is to 
be found in the second paragraph, 
“Trained engineers are hard to get. 
An engineering graduate with five or 
fewer years of experience is a rarity, 
because few engineers were graduated 
since June 1942.” Reading this passage, 
it is impossible to escape the suggestion, 
that to be a real engineer, one must be 
a graduate with a background of tech- 
nical culture deriving from a formal 
academic technical education. Nothing 
could be further from the facts. In 
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the twenty-five odd years during which 
I have made a lifing as an engineer, 
| have worked for, worked with, and 
have had working under my direction, 
engineers who were graduates and many 
who had never been exposed to the for- 
mal process of a college or university. 

When a man becomes involved in a 
course of specialized education he is 
required to learn the traditional rules 
of games and, once his mental attitude 
has been work-hardened into the form 
prescribed by the incessant dinning of 
set rules into his brain he will never 
again be able to act with that brash 
cocksure self-confidence which is the 
backbone of solid pioneering. The com- 
petition which the group needs is not 
necessarily academic; in fact some who 
are quite outstanding in competitive 
examinations fail dismally to “ring the 
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bell” when up against commercial or 
industrial application of their prowess, 
because they do not know just how they 
stack up with those in the organization 


around them. —M. B. 


Epiror’s Note: The implication that a 
college degree necessarily makes a good 
engineer was not intended in the edi- 
torial. Genuine statistics, however, 
show that a far greater percentage of 
successful enginieers come from the 
graduate group than from the non- 
graduate group. 


Effect of Surtace Finish On 
Fatigue Limit of Mild Steel 


To the Editor: 

The insert on Experimental Stress 
Analysis which appeared in the Decem- 
ber number of Propuct ENGINEERING 
was an excellent treatment of the sub- 
ject. 

In connection with the title page, 
which showed the stresscoat examina- 
tion of a crankshaft, you may be in- 
terested in a limited series of investiga- 
tions which | carried out on the effect 
of surface scratches in the direction of, 
and transverse to, the principal stress 
direction. This was described in an 
article written by myself, which ap- 
peared in the English publication Engi- 
neering for Aug. II, 1933. 

Fatigue tests were carried out on 
mild steel specimens, ground and _ pol- 
ished in a circumferential direction, 
called group A, and also on other speci- 
mens which were ground and polished 
in a_ longitudinal 
group B. 


direction, called 


The endurance curves plotted on the 
S-log N basis, are shown here, and 
the chief point of interest is the dif- 
ference between the fatigue limits, 
about five tons per sq. in. When the 
curves are compared allowance should 
be made for the small difference in 
the quality of the steels. It appears 
to conclude that a considerable part in 
the difference between the fatigue limits 
is due to the different methods of grind- 
ing and polishing the specimens. 

The accompanying drawings indicate 
the probable stress distribution along 
a diameter for specimens ground and 
polished in the two ways described pre- 
viously. The surface scratches have 
been greatly enlarged in order to make 
the points of the discussion clear. Sn 
represents nominal stress, and Sa, ac- 
tual stress at the base of the scratch. 
The scratches in the case of circum- 
ferential grinding and polishing are 
perpendicular to the direction of stress, 
and consequently there will be stress 
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concentration at the base of a scratch. 
It is probable, therefore, that the mo- 
mentary variation of stress along a 
diameter, from crest to crest of Oppo- 
site scratch boundaries, and in the 
principal plane of bending, would be ap- 
proximately as shown in (A) for a 
specimen ground and polished in a 
longitudinal, the momentary stress vari- 

on along a diameter 1 
as shown in (B). 

The yield strength of group “B” 


specimens was about 15 percent higher 


s approximately 


than that of group “A” specimens, but 


yn ultimate strengths, group “B” was 
1 


only slightly higher; elongation was 
about the same 


This difterence would 
not wholly account for the considerable 
difference between the fatigue limits. 
J. S. Caswett 
Mechanical Engineering 
University College 


. 


Swansea, E ngland 
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Correction in "Carbon and 


Alloy Steels for Hot-Formed 
Springs” 


To the Editor: 

In my article “Carbon and Alloy 
Steels for Hot-Formed Springs”, which 
appeared in the November 1946 issue 
of Propuct ENGINEERING, | note that 
on page 88 it is stated that hot-coiled 
springs are set from 1/10 to 4 times 


+ 
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the final movement of the spring.” This 
should be “from 1/10 to 1% times 
the final movement.”—H. C. Keysor 

American Steel Foundries, Inc. 


Wants Information 
On Low Production Dies 


To the Editor: 

In the June issue of Propuct En- 
GINEERING, an article by Clifford 
Smith on body design mentions “Kirk- 
site’ dies used in low production form- 
ing and drawing. | am interested in 
large low production die applications 
and would appreciate more information 
on the subject, such as may be found in 
a practical handbook but I haven’t seen 
any book on the use of such dies. | 


~ 


also want more information on the 
Machine Design Group of A.S.M.E. 
—Wn. H. FREUDENBERG 

Foster, Ohio 


Epiror’s Note: The Machine Design 
Group of A.S.M.E. was. organized 
about a year ago; about 1200 A.S.M.E. 
members have signified their interest 
in this group. Membership in A.S.M.E. 
entitles one to participate in the activ 

ties of the Machine Design Group. 


Error Reported 
In Gear Tooth Abstract 


To the Editor: 

In the December issue of Propuct 
ENGINEERING, on pages 138 and 139 
is an abstract titled ‘Testing the Tooth 
Durability of Gears” from a paper by 
T. H. Wickenden, G. R. Brophy 
and A. La Miller of the International 
Nickel Co. In this abstract you sa\ 
“Localizing the area of contact in this 
manner has the advantage that the test 
stresses can be induced in the teeth to 
the desired maximum without ap- 
proaching the beam strength of 
teeth.” 

This is a misunderstanding of the 


design. Crossed axis gears and the 


resultant “localized area of contact” 
ire used in the International Nickel 
cear testing machine to avoid the more 
intense and more erratic localization 
of contact that occurs in all gear sets 
in which the designer attempts to es- 
tablish contact over the entire tooth 
width. “Localizing the area of n- 
tact” not only reduces the compressive 
stress and thereby reduces the induced 
tensile stress that causes pitting fati 
but it also increases the beam strength 
by avoiding stress concentration at the 
ends of the teeth—J. O. ALMEN 
Research Laboratories Dw. 
General Motors Corporation 
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Automotive parts undergoing phosphate treatment in a line spray operation. 


Proper Surface Preparations 
Assure Durable Finishes 


R. E. GWYTHER 


Technical Service Department, Sherwin-Williarns Company 


Methods of preparing metal surfaces prior to painting are discussed. Techniques of coat- 


ing, rinsing, and cleaning for improved paint adherence and resistance to weathering are 


included tegether with recommended types of chemical solvents for soil and scale removal. 


ALTHOUGH good paint is a pre- 
requisite for a good protective finish, 
research shows that success in paint- 
ing metal depends as much on sur- 
face preparation prior to painting as on 
the paint itself. Paint protects metal 
trom atmospheric corrosion by sep- 
arating the metal from its corrosive 
environment. But this protection is 
not perfect, because paints are not 
completely impervious to moisture 
and oxygen. For this reason, inhibi- 
tive pigments are added to provide 
extra protection when paint is pene- 
trated by corrosive elements. 

To provide the maximum degree 
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of protection, the paint coating must 
be bonded directly to the metal sur 
face. The presence of corrosion prod- 
ucts, mill scale, rust-proofing oil, 
surface compounds, dirt, grease, o1 
even fingerprints on the surface pre- 
vents the required adhesion of the 
paint to the metal. The lack of tight 
union between the coating and metal 
results in a blistering of the paint 
when exposed to moisture. Blistering 
is aggravated if water soluble mate- 
rials are present on the metal surface. 

Some surface products, such as thin, 
tightly adherent scale are not ob- 
jectionable and may even be a good 


base for paint. In general, however, 
all foreign materials must be removed 
from the surface of the metal before 
painting. 

A simple test for cleanliness is to 
rinse the metal with cold water after 
cleaning. If the surface supports a 
continuous water film, it is reasonably 
free from oils, greases and insoluble 
soils. Since greasy metal will occa- 
sionally support a continuous wate 
film because the grease contains a 
wetting agent, it is advisable to make 
this water-break test both before and 
after cleaning. 


Various methods are used for clean- 












cold rolled steel after phosphate treatment. 


ing sheet or other smooth metal sur- 
faces. Solvent cleaning, in which 
the metal is merely wiped off with 
petroleum or aromatic solvents, is 
widely used but unreliable. 

Inflammable solvents are used ex- 
tensively for cleaning both by wiping 
or by spraying. The wiping method 
is inferior because, unless large quan- 
tities of clean cloths are used, con- 
siderable residual oil is left on the 
metal. Spray application of solvents 
is more effective. Since the use of in- 
flammable solvents creates a bad fire 
hazard, extreme care must be taken. 

The most successful solvent clean- 
ing process is vapor degreasing, using 
non-inammable solvents such as 
trichlorethylene and perchloroethy- 
lene. The metal is hung in vapors of 
the boiling solvent. Clean solvents 
condense on the metal so long as the 
metal temperature is below the dew 
point of the vapor. At equilibrium 
temperature the metal is dry when 
removed from the vapor. Complete 
degreasing is possible by this process. 

Alkaline cleaners, consisting of al- 
kaline salts, plus soaps, detergents 
and clays, are economical and effec- 
tive when used in hot, dilute aqueous 
solution, by immersion or by spraying. 
Animal and vegetable oils are re- 
moved by saponification and mineral 
oils and insoluble matter by emulsifi- 
cation or colloidal action. 

The efficiency of alkaline cleaners 
can be increased by application of 
electric current. Alkaline cleaning 
must be followed by very careful rins- 
ing as any alkaline residue will react 
with saponifiable portions of the paint 
and destroy the paint adhesion. Highly 
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caustic cleaners should be used for 
ferrous metals only. 

Emulsifiable cleaners containing 
grease solvents, plus soaps and deter- 
gents, are very flexible in use. The 
mixtures are thinned with kerosene 
or safety solvents and are sprayed, 
dipped or brushed on the metal. After 
standing until they penetrate the soil, 
they are rinsed off with water. A 
milky emulsion is formed during the 
rinse. 


Removal of Corrosion Products 


The more common methods of re- 
moving corrosion products and scale 
from heavy metal are mechanical 
scraping, wire brushing, sanding, 
blasting with sand, shot or grit, acid 
pickling, electrolytic pickling and 
flame cleaning. 

With manual methods, the results 
are limited and depend almost en- 
tirely on the care taken by the opera- 
tor. Powered processes such as wheel 
or belt grinding, or rotary wire brush- 
ing are more satisfactory. 

Blasting with sand, shot or grit 
produces a chemically clean surface, 
but a blasted surface must be painted 
before corrosion occurs. Active metals 
such as magnesium, if shot-blasted, 
must be pickled to remove electro- 
positive particles. One blasting tech- 
nique includes the addition of  rust- 
proofing chemicals to the abrasive to 
produce passivation and cleaning si- 
multaneously. 

Pickling is a widely-used process 
because of its low cost and effective- 
ness. Hot dilute mineral acids are 
used for steel, with inhibitors te mini- 
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(A) Bright finished cold rolled steel microphotographed before cleansing treatment. (B) Same 
Both photographs show steel magnified 100 times. 


mize the attack on the unoxidized 
metal. Since pickling reduces the 
weight of metal, special care must be 
taken if the metal is to meet close 
tolerances in fabrication. 

Flame cleaning depends on ex 
tremely rapid heating followed by 
rapid cooling to remove scale. Dif- 
ferences in expansion cause the scale 
to break away from the underlying 
metal. It also is used for removing 
paint film prior to refinishing. 

Rust removal is of primary impor- 
tance in painting iron and steel. Paint 
applied over rust will nearly always 
blister when exposed to moisture, be- 
Cause moisture causes rust to swell. 





Solvent sprayed from a paint gun with 
fluid tip wide open and atomizing jets 
stopped down almost completely. The 
sprayed solvent method of degreasing 
metal is most effective when parts are 
at acute angle to spray so that wash- 
ings are rinsed off ahead of spray. 
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Corrosion, once started under a paint 
film, spreads rapidly. 

Phosphate treatments prior to 
painting are most successful for iron 
and steel. “The mixture consists of 
an aqueous solution of phosphoric 
acid saturated with phosphates of 
metals, principally iron, manganese, 
zinc, or cadmium, plus an accelerator. 
Iron or steel immersed in the solu- 
tion at near boiling temperature for 
one to five minutes becomes coated 
with metal phosphates that are crystal- 
line and chemically united with the 
metal surface. 

Phosphate coatings are insoluble, 


passive to corrosive reactions, resist- 


ant to abrasion and adherent. They 


furnish an excellent base for paints 
and prevent spread of corrosion under 
the paint film. 

A typical production sequence for 
phosphating is as follows: 1. Alkaline 
clean, 2. Rinse, 3. Rinse, +. Hot phos- 
phate dip or spray, 5. Rinse, 6. Dilute 
chromic acid rinse. 

Phosphoric acid cleaners consist of 
phosphoric acid, plus grease solvents, 
detergents, and other ingredients. 
When applied, they produce an amor- 
phous coating at lower cost, but with 
less corrosion protection than the 
phosphate method. 

The amorphous coating permits 
better paint gloss than the crystalline 
coating. Phosphoric acid cleaners are 
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also used for simpler methods of ap- 
plication such as the wipe-on, brush- 
off method. 

The protection afforded by these 
cleaners is variable depending on con- 
stituents, but they all remove rust. 
Phosphoric acid cleaning should be 
followed by rinsing, since gelatinous 
residues particularly must be removed 
Chromic acid in 
very dilute solution is frequently used 


before painting. 


as a final rinse. 

Even as a single treatment, chromic 
acid has a considerable passivating 
effect on iron and steel. A suggested 
sequence is: 1. Alkaline or emulsion 
clean, 2. Rinse, 3. Rinse, and 4. Rinse 
in hot dilute chromic acid, or in 
dilute chromic and phosphoric acids. 

For maximum resistance to blister- 
ing in humidity or water immersion, 
complete removal of salts and other 
water soluble materials from the metal 
surtace is required. For maximum 
salt spray resistance, it is important 
to use a chromic acid rinse, leaving 
the metal in slightly acid condition. 

Paint adheres poorly to new zinc, 
because of the extremely smooth sur- 
face and the chemical reaction be- 
tween the metal and the _ paint. 
Weathering, mechanical roughening, 
and simple etching of zinc surfaces 
improves paint adhesion but contrib- 
utes no protection against corrosion. 

Hot phosphate treatment is the 





The two panels on the left were primed before exposure to weather. The two 
panels on the right were exposed to weather three weeks, then wire brushed 
to remove loose scale prior to painting. All four panels were then painted 
with one coat of synthetic chromate primer and a coat of synthetic paint and 
“hen exposed for 22 months. The panels on the left are in excellent condition, 
but the panels on the right have failed because of the effect of corrosion 
products remaining on the surface before painting. 
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best chemical treatment for zinc and 
galvanized iron surfaces. Phosphoric 
acid cleaners are also used for gal- 
vanized iron. ‘The acids remove 
existing corrosion, improve paint ad- 
hesion and afford some corrosion pro- 
tection. 

Zinc-coated sheet steel is marketed 
under various trade names with sur- 
faces chemically treated, usually with 
a phosphate treatment, to provide a 
better paint base. Excellent exposure 
results are obtained in painting over 
these metals. 

Aluminum is subject to corrosive 
attacks in marine atmosphere or when 
exposed to salt water. Anodizing alu- 
minum before painting results in a 
high quality coating with superior 
corrosion resistance. It is a relatively 
costly process and should not be con- 
sidered as a quick metal preparation 
for painting. While surfaces so treated 
are extremely suitable for painting, 
they need not be painted except when 
unusual protection is necessary, as the 
coating itself possesses good corrosion 
resistance. 

When only ordinary atmospheric 
conditions must be met, the prepara- 
tion treatment for aluminum can be 
confined to simpler methods such as 
alkaline dichromate, chromic acid, or 
phosphoric acid treatments. 

Normal atmosphere has little effect 
on magnesium other than to cause 
discoloration. Although in salt water 
the protective oxide coating is pene- 
trated by the chloride ion and corro- 
sion is more rapid. ‘The corrosion 
product is bulky, unsightly and non- 
adherent. 

Most magnesium products are fin- 
ished with a protective coating even 
before final fabrication of the product. 
This coating is intended to protect 
the metal during storage, shipment 
and manufacture. The chrome pickle 
process is used for this purpose. The 
treatment is a brief immersion in a 
solution of nitric acid and sodium 
dichromate. The coating is suitable 
as a paint base, but cannot be used 
where close tolerances are required 
because it etches the metal. 

The dichromate process is effective 
for producing corrosion resistance and 
is a suitable base for painting. Anodiz- 
ing is also used and results in exceed- 
ingly favorable corrosion resistance 
characteristics in addition to affording 
an excellent base for subseauent finish- 
ing operations. 











Some Things to Check 
To Assure Good Mechanical Design 


LINCOLN K. DAVIS 
Consulting Engineer 


Some practical design considerations including pointers on specifications, 


structures and parts, fastenings, safety, convenience, and processing. 
Good and bad practice is contrasted by sketches for many of the pointers. 


MECHANICAL 


monly is 


designing 
taken for granted as a 
routine procedure with little appre- 
ciation of the technical background 
and often great expenditure of men- 
tal and physical energy that is repre- 
sented in even a simple product. Most 
design problem can be solved by in- 
telligent application of known rules, 
yet the really outstanding work has 
a creative urge behind it that is not 
bound by such rules, and while not 


com- 


ignoring them, does not hesitate to 
explore the realm of the 
done.”’ 


“can’t be 
But regardless of whether a 
design is based on a spark of genius 
or not there are certain details that 
a caretul designer always checks. Such 
basic considerations include specifica- 


tions, relation of 


parts, fastenings, 


safety and convenience. 
Specifications 


Always specify standard parts, ma- 
terials, machining and shop processes, 
methods of fastening, and finishing, as 
far as practicable. 

Use even dimensions wherever pos- 
sible; avoid needless odd fractions or 
decimals. Don’t call for close toler- 
ances or fine finishes where they are 
not necessary; a simple change in de- 
sign may eliminate the need for them, 
ind even a radical change sometimes 
may be justified. 

Allow for seasoning of castings, 
creep of and similar 
considerations. Bear in mind changes 


plastic parts, 


dimensions 
with normal working stresses, thermal 


in shape, alignment, or 


expansion, moisture and other operat- 
ing conditions. These factors are par- 
ticularly important where working 
conditions are different from those at 
time of assembly. 

In general, avoid specifying the 


shaft 
and bearing combinations, or for fric- 


same metals or materials for 


tion surfaces. This is especially un- 


desirable where the speed is_ high. 
Notable exceptions are cast iron on 
cast iron and steel on hardened steel. 


When the 


used the compositions should be as 


same material must be 
different as possible, especially with 
nonferrous alloys. 


When hole 


sizes, consider the dimensional toler- 


specifying clearance 


ance between the holes, also such 
factors as whether or not the work 
is to be plated or painted. Avoid 


holding blind holes to close diameters, 
unless they can be made sufficiently 


deep to allow the use of standard 
reamers. If adjustable or accurately 
reamers are not available, fit 
the shaft to the hole, unless the latter 


sized 


can be bored for a standard size shaft. 
The former applies particularly to 
small sizes; the latter is usually to be 
preferred. 

Do not specify plating on bearing 
surfaces, unless for a special purpose, 
such as to build up a worn shaft, re- 
duce sliding friction (chromium), or 
provide corrosion resistance. Corro- 


sion resistance is best obtained by 
proper choice of material, or next best 
by anodizing or some chemical treat- 


ment that does not change dimensions. 
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load and aging distorts bracke?, 
binds bearing and allows end play 





USE STANDARD PARTS IF POSSIBLE 
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These principles also apply to screw 
threads or other parts where fit is 
important. 

Bear in mind the finish to be used. 
Don’t design parts so that paint can 
get on working surfaces or places to 
which other parts must be fastened. 
If unavoidable, allow for easy clean- 
ing if necessary. The varied throwing 
power of different plating or finishing 
solutions should be 
their affinity for the base metal or 
material, and their thickness. Some- 


considered, also 


times special treatment for plating or 
coloring is a requirement. 

If special materials or methods of 
fabrication are important to proper 
functioning then they should be speci- 
fied. But if substitutions will have 
no effect, or at most a minor one, al- 
ternatives noted on the drawings may 
save procurement time, simplify the 
shop work, or otherwise reduce cost. 


Structure and Parts 


Support parts that must work to- 
gether at points as close as possible to 
each other and not, for example, from 
There 
should be a minimum of joints be- 


opposite sides of a_ chassis. 


tween the working parts and prefer- 
ably none. When joints are required 
for assembly or adjustment, tolerances 
are important. Shaft or thrust collars 


should bear against the same struc- 
tural member as the part to be re- 
tained, and not be widely separated, 
to insure against effects of thermal 
expansion and strains in working 
parts. 

A single bearing that holds a shaft 
in alignment should be two or more 
diameters in length, depending on the 
service. Often the diameter can be 
reduced, thus reducing angular lost 
shaft 
in a 1 in. bearing will have less angu- 
14 in. shaft with pro- 
portional clearances. Where friction 
must be kept low and loads are light, 
keep bearing or pivot diameters small 


motion. For example, a ™% in. 


lar play than a 


and increase length to provide more 


area if necessary. In general, it is 
much better to use two short spaced 
If three 


or more bearings must be used in line, 


bearings than one long one. 


special precautions must be taken to 
insure flexible 
An exception is a 


alignment, or cou- 


plings specified. 


slender shaft in widely separated 
bearings; shaft flexibility will often 
permit slight misalignment. Don’t 


overlook locking rings to hold shafts 
or bearings in place, or to provide 
shoulders on shafts for various pur- 
poses. 

and to 
for ad- 


To avoid close tolerances 
compensate for wear, provide 


justment of the mesh of gears, fit of 
Unless the 
quantities justify special tooling, often 


slides, and similar parts. 


the time required to make one or two 
additional parts for purposes of ad- 
justment will be less than that taken 
to work to very accurate dimensions. 

Component parts should be de- 
signed so that wear will have a minor 
effect on their performance, and so 
that they can be readily compensated 
replaced 
obtain- 


by adjustment, or simply 
with inexpensive and easily 


able parts. 


Fastenings 
When 


especially in small sizes, consider the 


specifying screw threads, 
strength and threading properties of 
the materials, and the proportions of 
the specified screws. For example, 
4-36 threads 


ratio of root diameter to outside diam- 


and 6-32 have a low 


eter, and require oversize tap drills 


to avoid excessive tap breakage. “This 
is not considered in the usual drill 
tables. Threads in soft metals, such 


should 


of three diameters, 


as aluminum, have a length 
half of 


Oversize tap 


whereas 
this is ample for steel. 
drills should be used in soft metals, 
will roll the material 
and so form a deeper thread. Other- 


since the tap 


wise tearing may take place, spoiling 





AVOID UNNECESSARY TOLERANCES AND FINE FINISH 
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AVOID CLOSE TOLERANCES BY USE OF EXTRA PART 
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the thread and possibly breaking tap. 
Unless made especially for the pur- 
pose, do not use screw threads for ac- 






























curate alignment or location of studs, 
bushings, or other parts. When used 
for this purpose make the screw length 
three diameters or more. Shoulders, 
flanges, or tapers should be used, and 
any threads used in conjunction with 
them may be short provided they are 
cut at the same time. In general, 
diecut threads are not dependable be- 
cause they run out and prevent proper 


seating of attached parts. Avoid 
shear and bending stresses in threaded 


parts. Use dowels where alignment 
is important, or where shear loads 
Where practicable, pro- 
vide for their removal. 


May occur. 


Provide flats or reduced diameters 
If adjust- 
ment is required, use an intervening 


on shafts for set screws. 


sleeve or slug to prevent scoring. For 
high grade work, a split clamp, with 
two screws, is generally preferable. 
For fixed fastening, a pin is satisfac 
tory, unless shaft strength calls for 
a key or spline. A press or shrink fit 
is also acceptable; but avoid stretching 
or distortion of the part in tension if 
it is relatively thin. With press fits 
consider the possible necessity of dis 
assembly for servicing or overhauling. 

Avoid rivets in places where they 
must be removed to permit overhaul 


ing or servicing. 

Use nut plates freely to simplify 
servicing. Such a backing plate with 
threaded holes, or gang nuts, can be 
used in place of two or more nuts 
where convenience outweighs cost. 
The removal of a single bolt does not 
allow the nut to be dropped or dis- 
placed. An alternative is to use single 
nuts welded into position. 

Don’t make removable fastenings 
do double duty where it can_ be 
avoided. ‘This complicates both as- 
sembly and servicing. For example, 
to take one part off an assembly the 
removal of a single bolt may cause 
a whole structure to collapse. If un- 
avoidable, use free-fitting dowels or 
pins to hold the parts in place. 


Safety 


Avoid projecting parts that might 
catch clothing, cause injury, or waste 
space. If projections are necessary, 
round them, or provide guards. 
Guards and covers should be sub- 
stantial enough to withstand striking 
or leaning against them. When pro- 
tecting gears, cutters, belts, high volt- 
age, heat, or some other hazard, an 
interlock is often used so that the ma- 
chine cannot be operated with the 
guard removed. 


Use an ample factor of safety in 





strength and for useful life. If a part 
has to carry a load of five pounds, 
make it good for fifty; if the life is 
to be one hundred hours, make it good 
for one thousand, unless there are 
good reasons for not doing so. This 
applies to every part, also the finish. 
But avoid extremes. Don’t make parts 
excessively massive or spidery; adhere 
to good proportions. 

Provide for adequate lubrication at 
all times, especially during warming 
up periods. It has been estimated that 
ninety percent of the wear of an auto- 
mobile engine occurs during the first 
five minutes of operation. Keep bear- 
ings clean; seal dirt out and lubrica- 
tion in. It is well to provide aprons 
or slingers to keep as much dirt as 
possible away from bearing seals, and 
so lengthen their life. 

Consider the 
which the device will be used: Tem- 


conditions under 
perature, light, moisture, dirt, fumes, 
vibration, position, motion, aging, 
idleness, magnetic or electric fields. 
This includes storage or shipping con- 
ditions, which may be far different 
from those under which the device is 
intended to be used. 

Since the device may be mishandled 
in use, protect delicate parts against 
strong-arm tactics, either in use or in 
servicing. If rough treatment or over- 


loading can cause damage, controls, 
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motions, and adjustments should have 
positive stops, throwout, or friction, 
spring, or shear-pin releases to prevent 
overstressing parts connected to them. 
On some machines, left-hand threads 
should be indicated, as by an arrow 
marked 

advertent 


“Loosen”, to prevent in- 


overtightening of studs, 


screws or collars, when loosening is 


intended during dissembling or ad- 
justing of the machine. 





Convenience 


Although the designer is intent on 
making the device work, he may over- 
look the fact that someone else is 
going to operate and service it. ‘This 
aspect of design can injure the mar- 
ketability of an otherwise perfectly 
good product. The user of a razor 
is not going to like it if he is in danger 
of losing a finger while changing 
blades; and the buyer of a washing 
machine will be equally displeased if 
it must be sent back to the factory 
to have a burned-out motor replaced. 
Sometimes customers will accept rapid 
wear or short life provided operation 
is good and servicing or replacement 
are easy. 

Consider user convenience from the 
moment the product leaves the pro- 
duction line; of handling, packing, 
shipping, installation, operation, and 
servicing. handles where 
necessary, and special feet, brackets, 


Provide 


or attaching points if required for 
Avoid awkward connec- 
tion of wires, pipes, shafts or similar 


any reason, 


parts at the point of installation. 
Operating convenience is of par- 
Handles, knobs, 
dials, and indicators and other operat- 
ing elements should be carefully lo- 


ticular importance. 


cated, so that the operator will be 
comfortable in using them. Con- 
sider size and direction of rotation 


ot knobs and handles 
with respect to the force to be exerted, 
ind use 


where 


of movement 
stepup or stepdown ratios 
necessary. Since some people 
are left-handed, provide for a simple 
change-over if better, 
right and left control of 
Adequate lighting should 
always be provided. 


required; or 
universal 


operation. 


Eliminate need for service atten- 
tion as tar as possible, and make it as 
onvenient as possible by use of 
simple tools, or preferably none. If 
special or frequently-used tools are 
required, fasten them to the device, 


preferably by a chain. Attach neces- 
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certain function. 





can be undertaken. 
parts 


plicity. There 





THREE BASIC STEPS IN DESIGN 


Generally, the three steps from the inception of an idea to a 
satisfactorily designed product are: 


1. THE IDEA. This is visualized by the inventor or theorist as 
being workable, usually in simple terms. 
more than a suggestion of how to make something to perform a 
If the inventor-has a sufficient fund of practical 
knowledge, he can be reasonably certain that the idea will work. 
Although it may work, the inventor sometimes overlooks the fact 
that it may not be economically justifiable. 


2. REDUCTION TO PRACTICE. 
sketches, the design is developed to the point where construction 
Often a crude model or “mockup” helps to place 
in three dimensions and to work out details. 
“working model” does not actually perform, parts are systematically 
modified until it operates satisfactorily. 
may be complicated and the actual mechanical design far removed 
from “good practice,” but this is of minor importance for the present. 
During this procedure it is often discovered that the basic premises 
are false, or that impossible or uneconomic materials or processes 
are required, so that the project must be abandoned. 
moves are to be avoided, yet much valuable experience may result 
from an unsuccessful experiment. 


3. REFINEMENT. The working model is studied and redesigned to 
simplify it. Overall improvements are made, with respect to operating 
characteristics, size, cost and appearance. 
tion frequently leads to a better result than originally conceived. 


These three successive stages are: 
are no fixed rules to circumvent these steps. It 
appears to be necessary to go through just about so much sweating 
to arrive at the right answer, and only genius knows the short cuts. 
The finished product may be so simple and obvious that to the 
casual observer, “anybody could have done it.” 


Often it consists of no 


Starting usually from rough 


If the first 


At this stage the device 


Such false 


In this process new inven- 


Simplicity, complexity, and sim- 











sary wiring diagrams and instructions 
securely, placing them if possible 
where they cannot be defaced by strik- 
ing, wear, oil or dirt. 


Shop Processes 


Available machines and methods of 
the designer’s particular shop should 
be considered when developing a de- 


sign. Sometimes 


equipment is 
justified and sometimes it is better to 


new 


have certain work done outside. How- 
ever, in general, it is best to use the 
facilities of the designer’s own plant, 
even if the design must be reasonably 
modified. 
Consider the 


effects of machin- 


ing, grinding, heat-treating, solder- 


ing, welding, and similar operations 
in causing distortion, annealing, cor- 
rosion and other effects. Certain ma- 


terials, cold-finished _ steel, 
rolled brass, and aluminum alloys of- 


ten have internal strains that process- 


such as 


ing may release and cause warping. 
Such warping can often be minimized 
by making the shape of the part sym- 
metrical about a central axis. 

Soldering is not generally desirable. 
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Soft solder should be used to 
only the lightest of loads. 


carry 
The heat 
required for hard soldering may ad- 
versely affect the strength and hard- 
ness of the materials joined, particu- 
larly brass. 

Avoid hand work if possible, but if 
make 
that must be hand fin’shed accessible 


necessary, parts and surfaces 


tor standard tools. When quantities 
warrant the cost, surfaces that are in- 
accessible for turning, milling, shap- 
ing, or reaming can often be finished 
by broaching. Grain and other char- 
acteristics of should be 
specitving 


metal parts 


considered when bends, 
torming and similar operations. 
During the process of designing 
keep the tollowing seven check points 
in mind: (1) Reliability, (2) 


formance, (3) cost, (+) maintenance, 


per- 


(5) safetv, (6) convenience, and (7) 
The completed 
will be appraised in these terms, al- 


appearance. design 
though perhaps not in this exact order. 
Others may be added, but in general 
these will determine whether or not 
the project is successful. In brief, the 
final test is, does it work to the satis- 
faction of the ultimate user ? 
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GLASS FIBER-REINFORCED PLASTICS 


Properties and Applications 


Types of glass fabrics, fibers and mats used with low pressure resins to fabricate high 


strength, moisture-resistant laminated products. Properties of glass fibers and glass-plas- 


(;LASS fiber-resin ‘aminates proved 
their worth as body armor during the 
war. In peacetime, they are a po- 
tential source of new engineering ma- 
terials for products in which high 
strength and light weight are re- 
quired. 

In these laminates, advantage is 
taken of the high strength and light- 
weight inherent in glass fibers. Glass 
cloth is also used, with the amount of 
glass in the cloth, weave, and direc- 
tion of ply being varied, so that physi- 
cal properties can be controlled over 
a wide range. The structural strength 
of products made of glass-resin lami- 
nates often exceeds that of metal 
products. 

A comparatively new class of low 
pressure or “‘contact”’ resin is used in 
processing glass fiber laminates. The 
resins are of two general types: (1) 
Polyesters, which embrace the alkyds, 
alkyd-styrenes, and allyls; and (2) 
phenolics that are “tailor-made” for 
low pressure molding. 


Low Pressure Resins 





Although these resins have rela- 
tively low strength, Table I, they are 
effectively used to bond together the 
high strength glass fibers into a struc- 
tural material. Physical properties 
of the laminates can be obtained over 
a wide range by suitably orientating 
the position of the individual glass 
fibers and proportioning the amount 
of fibers in the laminate. 

‘The low pressure resins make pos 
sible the use of low pressure laminat- 
ing methods, which differ from high- 
pressure methods in cost, tooling and 
overall techniques. High pressure 
laminating requires 1,000 to 8,000 
lb. per sq. in. Since low pressure 
work is done in the range from '™% to 
15 lb. per sq. in., this method obviates 
hydraulic presses, expensive steel dies 
and similar equipment. 
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Spe cific tensile strength* . 





tic laminates, methods of low pressure laminating and applications are presented. 








Table I—Average Properties of a Cast Resin 
Values based on A.S.T.M. tests 





Tensile strength, lb. per sq. in 
Compressive strength, lb. per sq. in 


Impact (Izod) ft.-lb. per sq. in. of notch. . 
Specific gravity 


Modulus of elasticity in flexure, lb. per sq. in. . 


9,000 


eee 7 =f . . ‘ ; 6,900 


25,000 
0.4 X 10 
0.5 

1 2 





* Tensile strength divided by specific gravity. 





Table Il—Properties of Typical Glass-Plastic Laminates 


These laminates made at 10 lb. per sq. in. pressure, with the glass 
reinforcement oriented to give equal strength in all directions 
Values based on A.S.T.M. tests. 














a | Com- | Modulus of | 
Tensile ee 
| Streneth, | Pressive Elasticity Impact-Izod | ¢ icaitiin 
Reinforcement & iI ~~’ | Strength, | in Flexture, ft.-lb., a 
»% per | ; | f é . 4 | Gravity 
a ae lb. per Ib. per in. width = | 
| cial qin. | sq. in. 
Woven Glass Cloths 
112-14 (plain weave)........| 40,000 | 36,000 | 2.86 x 10! 16.8 | 1.72. 
143-14 (unidirectional cloth)..| 48,000 39 000 3.48 & 10° 28 1.84 
128-14 (plain weave 41,000 25,000 3.34 X 108 9 1.80 
164-14 (plain weave)........ 33 ,000 22 ,000 2.67 X 16° 250 1.80 
181-14 (long shaft satin 37 ,000 39,000 | 3.50 x 10 19.3 1.78 
Mat Ty pe 
[-34......................) 17,000 | 29,000 |11.49x10°| 15 | 1.4¢ 
T-35 23 ,000 20,000 | 1.22 x 108 31.3 | 1.52 











Many parts, which because of their 
size and shape are impossible to mold 
by other methods except perhaps at 
prohibitive cost, can be produced by 
low pressure techniques. Low pres- 
sure-laminated parts can be made on 
cheap plaster molds, or with rubber 
blankets using vacuum on the reverse 
side. After molding, the parts are 
cured in ordinary ovens. The small 
outlay for equipment aids in produc- 
ing the product at a low cost. 


Kinds of Cloths and Laminates 


Several types of fibrous glass, hav- 
ing diameters from less than one mi- 
cron to nearly 0.01 in. are available 


form. Only those 


in commercial 
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fibers within the textile range, that 1s, 
between 0.00020 and 0.00035 in. dia., 
have tensile strengths high enough for 
use in general plastics reinforcement 
applications. Tensile strengths in 
crease tremendously as the fibers de- 
crease in diameter. In Fig. 1(4 
the tensile strength of individual glass 
textile fibers is compared with that 
of some common materials of con 
struction. Fig. 1(B) shows specifi 
tensile strength (tensile strength di- 
vided by specific gravity) of the same 
materials. 

Since glass fibers are cylindrical 
rods, the best packing arrangement in 
a laminate would be obtained if 
the fibers were laid perfectly straight 
and parallel, in a bundle; the glass 
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would then occupy about 90 percent 
of the total volume. In such a struc- 
ture, with low-pressure resins oc- 
cupying the remaining volume, tensile 
strengths as high as 120,000 Ib. per 
sq. in., and flexural strengths as high 
as 160,000 Ib. sq. in., have been ob- 
tained in the laboratory. 

No commercially feasible process 
tor such a structure has been devel- 
oped. The closest approach has been 
the use of undirectional fabrics Fig. 
2(4) in which the maximum strength 
is in one direction. These fabrics 
have relatively large, low twist yarns 
in one direction and only a few cross 
threads of fine yarn for support in 
the other direction. This type of 
cloth is useful in high strength ap- 
plications, and where spredetermined 
stress patterns are to be balanced by 
orientation of plies. 

Plain weave fabrics, Fig. 2(B), 
wherein both the “warp” and “fill” 
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Fig. |—Tensile strength of glass fibers compared with various structural materials. 





(A) Ulti- 
mate tensile strength. (B) Specific tensile strength, or tensile strength divided by specific gravity. 











Fig. 2—Types of weaves in glass fabrics: (A) Unidirectional weave, (B) plain weave, (C) eight-shaft satin weave. 


(lengthwise and _ crosswise 
threads in the loom) go over one and 
under the next, are also available. 


Because of lower glass volume and less 


varns 


effective fiber orientation, strengths 
of laminates made with such fabrics 
are considerably lower than those 
made with unidirectional fabrics. Gen- 
erally, strengths of laminates made 
with these fabrics improve with de- 
creasing cloth thickness. 

The recently developed satin weave 
fabrics, Fig. 2(C), have the more 
desirable features of both the unidirec- 
tional and plain weave types. The 
satin weave fabrics are known as 
“four-shaft,” “six-shaft” or “eight- 
shaft.” An eight-shaft cloth, for in- 
stance, is woven so that each warp 
and fill yarn goes under the seventh 
and then over the eighth yarn, instead 
of over one yarn and under the next. 
The eight-shaft design offers the 
best possibilities for plastics reinforce- 








ment. These fabrics produce lami- 
nates having strengths nearly as high 
as those made with unidirectional 
fabrics. 

When glass cloths are used for 
plastics reinforcement, they may be 
oriented to take specific loadings eco 
nomically. By choosing the proper 
orientation for a specific structure, 
eficient design can thus be aided. 
There are generally three types of 
orientation in glass fabric-laminates: 
(1) The plies are arranged so that all 
fibers in each layer of fabric lay in 
the same direction—this is a “‘parallel 
laminate.” Here, maximum tensile 
strength will be in the direction of 
the fibers and minimum strength at 
right angles to them; (2) the layers 
are alternated at right angles to each 
other—“‘cross-laminated.”’ = Strength 
is equal in two directions, and onl 
slightly less at 45 deg. to the main 
axes; and (3) the layers are oriented 
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at all angles, so that uniform strength 
is obtained in all directions. This 
third pattern, used for the samples 
for which the properties are given in 
Table II, can be obtained with any 
of the aforementioned fabrics. In 
all cloth laminates, the glass occupies 
from 45 to 50 percent of the total 
volume. 

Glass textile fibers are being proc- 
essed into “mats” of various types. 
‘These mats can be made at less cost 
than fabric woven from _ processed 
yarn. Because of random orientation, 
laminates made from glass fiber mats 
have equal strengths in all directions. 
This orientation also results in lower 
volume of glass—between 12 and 30 
percent. Strengths are correspond- 
ingly lower, as shown in Table II. 
Where high strengths and minimum 
weight are not factors, glass fiber 
mat laminates offer a low cost ma- 
terial. 

In the T-34 mat, the fibers 
first bonded with a_ thermoplastic 
resin that is compatible with the low 
pressure resin used in laminating. This 
treatment permits forming 
during molding and laminating opera- 
tions. Another mat in this series is 
first bonded with a fully polymerized 
thermo-setting resin. 
ful in 
little 
quired. 


are 


optimum 


‘This mat is use- 

operations, where 
formability are re- 
A new mat product, T-35 
is made of uncut continuous filament 
strands laid down as a sheet in a 
circular or swirl pattern. This mat 
is fairly rigid and compact; it is use- 
ful in continuous impregnation 
flat sheet processing. 


“wet lay-up” 


draw and 


and 
Coarse fiber mats are built up of 
arrangements of fibers in 
intertwined lengthwise 
crosswise but not vertically. 


jackstraw 
layers, and 
Low glass 
volume and large fiber diameter make 
coarse fiber mat low in strength, but 
such mats are used in low-loss elec- 
trical insulation and many non-struc- 
tural plastics applications. 


Properties of Glass Laminates 


The basic properties of glass fibers 
—high tensile strength and high heat 
resistance—have long been accepted. 
However, certain other important 
properties are not so well known. 
Among such properties is the high 
percentage of fiber elongation under 
load that enables the fibers to absorb 
a large amount of energy without de- 
formation or rupture. This property 
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is shown graphically in Fig. 3. The 
area of each triangle is a measure of 
the energy required to deform per- 
manently each material. 

The inorganic nature of glass fibers 
explains their good dimensional sta- 
bility and extremely low moisture ab- 
sorption and adsorption. The amount 
of moisture than can adhere to fiber 
surfaces is relatively low, as shown 
in Fig. 4. Glass laminates will neither 
shrink nor swell as a result of humid- 
ity changes. In addition, glass fibers 
will not rot. Since they are the end 
product of oxidation, they will exist 
indefinitely in an atmosphere of ox- 
ygen. Weathering resistance of glass 
fibers is excellent. 

Wet strength of the cloth lami- 


nates, improved by application of a 


300,000 


200,000 


100,000 Alurmirisen 


Tensile stress, ib. per sq. in. 


Stee/ 7 





silicone solution to the glass fibers, 
has been brought up to a point nearly 
equal to their dry strength. Test re- 
sults, from specimens immersed in 
solutions of various chemicals includ- 
ing acids and alkalis for periods up 
to 7 days at temperatures up to 200 
deg. F., indicate that these laminates 
have sufficient chemical resistance to 
permit their use as underground pipe- 
lines for oil and other liquids. 

Glass-plastic laminates have good 
dielectric strength, have a low coefh- 
cient of thermal expansion, and are 
strong enough to resist normal expan- 
Thus, dimensional 
accuracy of molded parts can be con- 
trolled with high precision. 

The ability to obtain directional 
properties by a proper choice of lami- 


sion of the resin. 
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Fig. 3—Comparison of energy absorption of glass fibers, glass-plastic lami- 
nates, and other materials, to the point of deformation. 
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Fig. 4—Moisture absorption at different relative humidities. 
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Fig. 5—Comparative properties of glass-plastic laminates, 24ST aluminum and struc- 
tural steel. (A) Tension, compression, flexure. (B) values divided by specific gravity. 
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Fig. 6—{A) Impact strength and (B) Modulus of elasticity and specific modulus of four materials. 


nates has advantages in design. 
5, and 6 compare the strength 
properties of cross-laminated and par- 
allel-laminated glass-plastic laminates, 
with those of 24ST aluminum and 
structural steel, to their yield points. 
Values are based on laminates made 
With unidirectional glass cloth and 
a low-pressure resin molded at 15 lb. 
per sq. in. pressure. With reference 
to Fig. 6(B), it should be noted that 
modulus of elasticity of glass-plastic 
products is a function of the amount 
ot glass, the weave and orientation 


Figs. 
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of the cloth, and is thus controllable 
over a wide range; in metals, the 
modulus is not variable. 


Applications 


In general, the field of glass-low 
pressure resin laminates appears to be 
in producing parts of wide variety. 
Laminating with low pressure or 
“contact” resins can be done in low 
cost dies and jigs. Because these 
resins polymerize without giving off 
volatiles, it is possible to cure them in 
any desired shape merely by holding 
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them in contact with the mold. 

Glass-plastic laminates can be given 
a highly polished finish in any de- 
sired color by paint spraying with a 
cellulose acetate or a cellulose nitrate 
base finish. A polished color finish 
can also be applied by impregnating 
glass mat with a resin to which color 
has been added, and subsequently 
bonding the mat to the laminate in 
the mold. 

In machining glass-plastic lami- 
nates, ordinary machine shop equip- 
ment is used, but at higher speeds 
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Fig. 7—Glass fiber-reinforced plastic defroster duct for aircraft. Fig. 8—Tail 
cone assembly made of glass cloth laminates for the BT-15. Note the smooth 
compound curvatures in the surface. Inherent rigidity of the structure made 
most bulkheads and all stringers unnecessary. 


than in machining of metals. For 
long tool life, carbide-tipped tools 
should be used. 

An example of how these laminates 
can simplify fabrication of compound- 
curve parts is seen in the aircraft de- 
froster ducts, Fig. 7. “These ducts 
were originally made of aluminum 
and shaped to the complicated pattern 
necessitated by the design of the fuse- 
lage. The variety of shapes and di- 
mensions of the ducts required pro- 
hibited the use of costly molds. Light- 
weight was another requirement. The 
ducts made of glass-plastic laminate 
showed no distortion in dimensions 
after being exposed to temperatures 
over 300 deg. F. for 6 hours. 

In aricraft, glass-plastic laminates 
show unusual promise. A new. air- 
plane, the BT-15, has its rear fuse- 
lage section, tail cone assembly (Fig. 
8) and side panels made of glass 
plastic laminates. An experimental 
glass-plastic wing, having a_ core 
structure of cellular cellulose acetate 
covered by a glass cloth-resin lam- 
inate, withstood 105 percent of re- 
quired test specifications without any 
surface distortion. This “sandwich” 
type of construction, because of its 
strength and insulation 
properties shows promise for refrig- 
erated truck and airplane bodies. 

In the automotive field, certain ap- 


excellent 


plications have already been proven. 
Shown in Fig. 9 is an electric “run- 
about,” the body of which is a glass 
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cloth, low-pressure resin laminate. 
Fenders for trailers are being manu- 
factured from a sandwich of glass 
cloth-jute felt-low 


pressure resin. 
Molded at about 6 lb. per sq. in., 10 
minutes cure time for each fender is 
required. The finished fender is light- 
weight, shock resistant and has a high 
resistance to adverse weather condi- 
tions. 

Glass cloth, low-pressure resin lami- 
nates for larger automobile parts are 
under investigation. In using these 
materials for body parts, higher mate- 
rial costs must be offset by efficient 
design requiring a minimum amount 
of material, and reduced assembly and 
tooling costs. Savings are also real- 
ized from reduced finish cost, since 
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Air Material Command 


permanent weather resistant color is 
incorporated in the resin, and reduced 
repair costs. An example is an efh- 
ciently designed glass-plastic trunk 
lid, Fig. 10, for a well-known make of 
passenger car. The lid weighs 8 lb. as 
compared with 35 lb. for a similar 
metal lid. Besides the difference in 
weight, which went far to offset the 
difference in material cost, the coun- 
terweight and springs, necessary for 
lifting the heavy metal lid, were 
eliminated. These savings made the 
cost of both lids practically equal. 
Another hidden advantage is the 
easy repair of the glass-plastic lid, 
which results in both production and 
consumer savings. Damage that oc- 
curs in production or in use can 
be easily repaired with inexpensive 
equipment. Similar results have been 
achieved with bumpers and bumper- 
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American Cyanamid Company 


Fig. 9—Bodies for these electric "Autoettes" were made by the Triangle 
Boat Company, of a glass cloth, low-pressure resin laminate, for the Blood 


Sales Company. 
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guards. In the custom auto field, 


glass-plastic laminates are exception- 
ally suitable, not only because of low 
tooling costs for complex curves, but 
also because of the beautiful polished 
color finish that is a part of the resin. 
Resistance to rain abrasion makes 
these laminates useful in automobile 
ind other outdoor applications. Lab- 
oratory rain abrasion tests, in which 
vlass-plastic laminates were subjected 
to the beating of water drops moving 
at 500 m.p.h., have shown that the 
laminates when made with specialized 
resilient resins, have better resistance 
to abrasion than 24ST aluminum. 
Production of automobile tops and 
other large parts is expected to be 
tacilitated by a new method, which 
uses a metal mold heated by steam 
coils, and an expandable 
plunger. The lay-up to be molded is 


rubber 


eaeeusinnansaneneameamnsntcenions amamnt ante ant net antanhaptentamtentanansianient ah asiamnaemammanineemenneliil 


Fig. |11—Plunger process. Plies of glass mat, with thermosetting resin poured 


BALE 


FIG. 12 





American Cyanamid Compan 
y y 


on, being pressed into female mold by synthetic rubber plug. Fig. !2—Glass 
cloth-resin laminates have been adopted for label holders on packaging 
machinery, made by Laminated Plastics, Inc. for New Jersey Machine Co. 


first laid over the molds, then the 
plunger is lowered over the lay-up. 
‘The rubber plunger is then expanded 
under pressure of about 50 Ib. per 
sq. in., pressing the lay-up into all 
the contours of the mold. Curing 
takes place in the mold making un- 
necessary the use of oven and vacuum 
bag, and numerous hand operations. 
In production machines, glass-plas- 
tic laminates have found many appli- 
cations. As label holders on precision 
packaging machinery, Fig. 12, these 
laminates have proven more satisfac- 
tory than other materials, being less 
expensive than machined metal and 
more dimensionally stable than wood. 
As a cover for a hardwood die, used 


in drawing steel car body panels, these 


laminates prolong the life of the dies 
indefinitely. Uncovered, the hard 
wood dies had to be reworked every 
50 times, but when covered with a 
glass-plastic laminate they showed 
no appreciable wear after 500 times 
in use. The new glass mat laminates 
offer possibilities for applications 
where molding of complicated shapes, 
low cost, and good electrical and heat 
insulation properties are factors. Dust 
and moisture protection covers for 
aircraft electrical relays have been 
made of the new mat laminates. 


Epiror’s Note: Data and many of 
the illustrations were supplied by 
Owens-Corning Fiberglas Corpora- 
tion, Toledo, Ohio. 













. < 2 4 . , ' ; 
le Fig. |O—(A) Automobile trunk lid molded of glass-plastic material ready for patching. The area in which the break 
yd occurred has been cut out. (B) Laying resin-impregnated glass cloth over the cut-out area. (C) The trunk lid after the 


patch has been cured with a heat lamp and the surface retinished. The patch is invisible. 
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Time-saver on Piping “Specs” 
~-. the Complete CRANE Line 


Watch how much faster you can specify from 
the Crane line. It puts everything at your 
finger tips—valves, fittings, pipe, accessories, 
and fabricated piping. For any design, you 
can choose without compromise, in brass, 


iron and steel materials. 


Equipping with Crane means simplified buy- 
ing and stocking of piping goods. Crane sup- 
plies everything. Single responsibility for your 
needs assures smoother assembly operations; 


gives better control of factory schedules. 


Powermaster Steam 
generating Unit by Orr 
& Sembower with Crane 
piping materials. 


in the complete Crane line of gate, globe, angle, and check patterns—in all 
types, sizes, and pressure classes for specific needs. Here you find just the 
right valves to work best with your product designs under all conditions in 
the field. See your Crane Catalog for complete specifications. 





EVERYTHING FROM... 


VALVES « FITTINGS 
PIPE »« PLUMBING 
HEATING + PUMPS 
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To machinery buyers in every field, Crane 
equipment signifies added value. They know 
that back of Crane Quality, there’s 90 years’ 
leadership in fine piping materials. 

CRANE CO.,8 36S. Michigan Ave., Chicago 5, IIL 


Branches and Wholesalers Serving All Industrial Areas 
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Chart for Determining the Section Modulus 
Of Annular Sections 


G. LARRI 


Acta Technical Developments 


‘THE ACCOMPANYING CHART for determining the section lines connect constant inside diameters. The curved full 
modulus of annular sections from 1 to § in. O. D. and for _ lines are lines of constant thickness. The chart is constructed 





thicknesses from 0.050 to 0.250 in. is divided in three sec- to solve the equation where 
tions for clarity. The first section is for diameters from Z = section modulus 
1 to 2% in., the second for diameters from 2 to 4 in., and D = outside dia., in. 
the third from 4 to 5 inches. Diameters are given in frac- d = inside dia., in. 
tions and decimals on the ordinate. The section moduli are t = thickness, in. 
expressed on the abscissa, one abscissa space represents 0.02 ; ei Dt <= f= 208 
on the first section, one space represents 0.10 on the second, aden 32 ~ D ~ 


and one space represents 0.2 on the third. The vertical ‘The following problems are solved on the chart (see heavy 
lines connect points of constant section modulus. Dash slant _ lines) : 


EXAMPLE: What is the section modulus of an annular section 
having an O.D. of 4 in. and an I1.D. of 3.75 inches? 


SOLUTION: From the ordinate at the point representing 4 in. 

O.D., draw a horizontal until it intersects with the curved 

dotted line marked 334 in. At this point of intersection, fol- 

low vertically downward to the abscissa and read section 
m modulus equals 1.43. 


EXAMPLE: What is the section modulus of an annular section 
} 


having an O.D. of 234 in. and a thickness of 0.160 inches? 
SOLUTION: From the ordinate at point 234 in. follow across 
horizontally to the curved solid line marked 0.160 in. thick- 
ness. At this point of intersection, follow vertically upward 
on the abscissa and read section modulus equals 0.80. 


Since the polar moment of inertia of a circular section is 
double the moment of inertia with respect to a diameter, the 
polar section modulus of an annulus is twice the value of 
the section modulus determined from the chart. 


tubes with twice the outside diameter and twice the thickness 
of the tube in question and dividing the resulting section 
modulus by 8. If the values of the section moduli are multi- 
plied by 1.697, the chart can be made applicable for square 
The chart can also be used for outside diameters larger hollow sections with sharp corners. 

than § in. by reading from the chart the section modulus of a All values not falling directly on the lines of the chart can 
tube having half the thickness of the tube in question, and be easily interpolated to an accuracy consistent with the con- 
then multiplying the value obtained by 8. For tubes smaller struction of the chart. 


than 1 in. O.D. results can be obtained by reading values for (see chart following) 
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ONE MAN REPLACES TWO 


with Cherry Blin 
A ing —y Ry, 
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Cherry Blind Rivets do not replace conventional in hole; (2) engaging the rivet; (3) actuating the gun. 
rivets for all jobs. But in many ways the Cherry Blind Thus, a tough, two-man job is reduced to a simple 
Rivet is far more useful . . . and in other ways it one-hand operation in which the rivet is installed with 
is irreplaceable. a controlled pull from one side of the work only. 
Speed... There's no hammering or bucking. Install- For Blind Spots and hard-to-reach spots, Cherry 
ing a Cherry Blind Rivet is a fast, one-hand operation Blind Rivets have no substitute. And they are installed 
requiring only three simple steps: (1) inserting rivet so fast and with such ease that any fastening job, 


blind or otherwise, is finished in less time with less 


CHERRY RIVETS. THEIR MANUFACTURE & APPLICATION ARE COVERED BY U.S. PATENTS UED & PENDIN 


| cost. Furthermore, the controlled pulling action by 


Gey li ive 


LOS ANGELES conyos = em 


which Cherry Rivets are installed is so gentle that even 
soft and brittle materials can be riveted with ease. 
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ty goiter, 


CRAMPED QUARTERS 


are taken in stride when fastening with Cherry Blind Rivets. This 
is a ship construction job. Operator is riveting perforated insula- 
tion retainer sheets . . . which hold glass wool insulation to sides, 
bulkheads, overheads. (Note the lightweight, easy-to-handle 
Cherry G-15 pneumatic gun.) Sheets were secured by stud bolts 
previously welded to hull, then edges were fastened neatly and 
securely with Cherry Blind Rivets, which don't work loose like re | Tight-clinching, pull- Get this Cherry D-45 Manual. Write 


screws or bolts. plugging type through hollow type to Dept. C-106, Cherry Rivet Co.,231 
Cherry Blind Rivet. Cherry Blind Rivet. Winston St., Los Angeles 13, Calif. 


168 Propuct ENGINEERING — Marcu, 194 







Re 
E 
a 
b 
£ 





Ry Tees 


EDR As Sor crac ee Ma pep atte Se eRe OD 








in 


Outside 


Diameter, 


nm 


Mh 


in) 
Cohn hi 


nN 
pj— 


on 


“1.250 


2900 





0.02 0.04 


1.000 
1.050 


1.100 


1.150 


1200 


1.300 


1450 


1.500 
1.500 


1.600 


1.650 
1.700 
1750 
1800 
1850 
1.900 
1950 
2000 
2100 
2.200 
2300 
24.00 
2500 
2600 
2700 


2800 


3.000 








1L350}- 


} 


1400fF 








31 00F— 


3.200 
3.300 
3400 


3500 


36 00F— 
3.700 


3800 
3900 
4000 


4.100 












= 


= 


== 


























—— 


SECTION MODULUS OF ANNULAR SECTIONS 


| (Continued) 


Lines of Constant 


Outside Diameter 










e 
~ 1ON% 5 - 
, 
24 ja 
! — ates of C 
0.26 “ers = ae ¥ Constant 
ae Inside Diameter 
Lines of 
\ Constant 
O.F4. Thickness 


| Lines of Constant 


Section Modulus 











2.4 2: 2.8 30 RB 34 38 3.8 4.0 4 


Section Modulus 








Shot 


S irch 
provide 
and de 
for use 
ductior 
in the 
Part 
fits to 
with t 
desc rib 
ing pr 
the eff 
mainde 
the th 


relatio! 


Heat- 


1O. L. 





144 pa 
cover. 


Co m pa 
Ad 


heat-tr 
basic n 
cipitat 
plained 
charts 
cycles 

forging 
lurgy 
loys is 
micros: 
Cause ; 
encoun 
alloys 

physic 


Direc: 
FE. A 


neering 
Engir e 
Third 
‘lothh¢ 
Craw- 


42nd 


Propt 





NEW BOOKS 





Shot Peening 


Second Edition. 


haper covers. 


128 pages, 6 x Q in. 
Published by American 
Equipment Co., 
Mishawaka, Ind. Price $1.50. 


Il heelabrator and 


This book bridges the gap between re- 
search and practice of shot peening and 
provides, under one cover, a complete 
and detailed explanation of the process 
for use by designers, engineers and pro- 
duction men, who are actively interested 
in the application of it. 

Part I, in 74 pages, discusses the bene- 
fits to be derived from peened surfaces, 
with the aid of many examples, and 
describes shot peening equipment, peen- 
ing procedure and methods of testing 
the effectiveness of the process. The re- 
mainder of the book, Part II, treats 
the theory of prestressed surfaces in 
relation to shot peening. 


Heat-Treating Aluminum Alloys 


O. L. MitcH ett and G. W. Birpsatt. 
144 pages, 6x9 in., spiral bound, paper 
cover. Published by Reynolds Metal 
Company, Louisville 1, Ky. Price $1. 


A discussion of the metallurgy and 
heat-treatment of aluminum alloys. The 
basic metallurgical principles of the pre- 
cipitation hardening of alloys is ex- 
plained in simple terms. A series of 
charts give recommended heat-treating 
cycles for the annealing, hardening and 
forging of aluminum alloys. The metal- 
lurgy of the hardening of aluminum al- 
loys is discussed in detail. Typical 
microstructures are shown and the 
cause and cure of difficulties commonly 
encountered in heat-treating aluminum 
alloys are explained. Charts of typical 
physical properties are included. 


Direct and Alternating Currents 


E. A. Loew, Dean, College of Engi- 
neering and Professor of Electrical 
Engineering, University of Washington. 
Third edition, 748 pages, 534 x 8 in., 
clothboard covers. Published by Mc- 
Graw-Hill Book Co., Inc., 330 W. 
42nd St., New York 18, N. Y. Price $5. 


This volume is intended, primarily 
lor students desiring a short survey 
‘ourse in the theory of the electric 
‘ircuit and the operating principles of 
“ectric machines. 

| l'he laws and principles necessary to 
‘le understanding of the performance 








of most electric machines are stressed. 
Considerable numbers of drawings, ex- 
amples, and simple problems are in- 
cluded. For the most part, mathemati- 
cal discussions are either omitted or 
reduced to simple forms. Alternating- 
circuit theory is discussed largely in 
terms of vectors. In the discussions of 
machines and their operating character- 
istics, simple, rational explanations are 
used and fundamental principles are em- 
phasized. 


Heating and Air Conditioning 


Joun R. ALLEN, JAMES HERBERT 
WALKER AND JOHN WILLIAM JAMES. 
Sixth Edition, 667 pages, 6x 9 in., cloth- 
board covers. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., New 
York 18, N. Y. Price $5.50. 


The sixth edition brings this standard 
text up to date. A new section on panel 
heating is included. The principle of a 
reversed-cycle refrigeration is treated 
in theory and practice. Flue-gas efh- 
ciency charts for coal, gas and oil firing 
are included in the chapter on “Fuels 
and Boilers,” which has been extensively 
revised. Information about odor-re- 
moval apparatus and air sterilization 


has been added. 


Other chapters, particularly that 
chapter discussing the design of an 
actual air-conditioning system, have 


been completely rewritten or extensively 
revised. The thermodynamic properties 
of air- and water- vapor mixtures are 
treated both in a simplified manner and 
in a completely accurate manner. 


Principles of Radar 


By members of the staff of the Radar 
School, Massachusetts Institute of 
Technology. Second edition, 808 pages, 
64 x 9%, in., clothboard covers. Pub- 
lished by the McGraw-Hill Book Co., 
Inc., 330 W. 42nd St., New York 18, 
N. Y. Price $5. 


This is the first published textbook 
of its kind. It was originally prepared 
for use in the basic portions of the war 
training courses in principles and appli- 
cations of radar that were given for 
members of the Armed Forces at the 
Radar School of the Massachusetts In- 
stitute of Technology. 

The revised edition begins with a 
brief description of the components and 
functions of radar systems and continues 
with detailed discussion of typical sys- 
tem components. Expositions of cir- 
cuits and devices provide an unusual 
combination of technically thorough and 
accurate treatments with minimum de- 


pendence upon mathematics. Empha- 
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sis in the treatment of circuits is upon 
quantitative analysis directly from tube 
characteristics and physical principles. 

The chapters on Timing Circuits, In- 
dicators, Modulators, Transmit-Receive 
Devices, and Synchros and Servomech- 
anisms have been completely rewritten. 
The Automatic Frequency 
Control has been revised and expanded, 


section on 


and the section on Impedance Matching 
is presented from a different viewpoint. 
The topic of Super-regeneration has 
been The subject of Prop- 
agation, which was not covered in the 
first edition, is included and the deriva- 
tion of the radar-range equation has 
been added. 


rewritten. 


Circuit Analysis by 
Laboratory Methods 


Cart E. SkroperR AND M. STANLEY 
Heim, Electrical Engineering Depft., 
University of Illinois. 288 pages, 5% 
x 914 in., clothboard covers. Published 
by Prentice-Hall, Inc., 70 Fifth Avenue, 
New York, N. Y. Price $5.35. 

Primarily for electrical engineering 
students, this book is essentially for use 
as a guide and text in conjunction with 
a laboratory course in electrical circuits. 
The volume contains a wide selection of 
laboratory circuit experiments and is 
presented as much in the nature of 
problems as is feasible. It includes a 
comprehensive coverage of the related 
circuit theory and laws, the theory and 
limitations of instruments used in cir- 
cuit measurements, and the methods of 
making measurements in circuits so that 
the student will have a ready source of 
information when preparing plans for 
the laboratory work and when analyz- 
ing the data and results. 


Fuels and Fuel Burners 


KALMAN STEINER, Fuel Engineer, C. 
Hoffberger Co. 436 pages, 6 x 9, cloth- 
board covers. Published by the Mc- 
Graw-Hill Book Co., 330 W. 42nd St., 
New York 18, N.Y. Price $4.50. 


The treatment deals with the nature, 
occurrence and properties of fuels from 
the viewpoint of domestic and com- 
mercial heating, as well as with the 
design, construction, installation and 
operation of stokers, oil burners and 
gas burners for the heating plants of 
residences, commercial buildings and 
steam plants of moderate size. The 
chapter on wood fuels was prepared by 
R. H. P. Miller, Engineer, U.S. Forest 
Service. Automatic control methods 
and apparatus for heating systems, in- 
cluding the conventional electrical types 
and the more recent electronic develop- 
ments. are discussed. 
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When you need standard stainless 
steel bars, remember that your near- 
est Armco Distributor can usually 
ship your order from his stockroom 
the same day it is received. 

Even when you want special shapes 
or grades, your order can be filled 
quickly through Armco’s Rustless Di- 
vision. More than 60 standard and 
special grades of bar and wire are 
rolling from Armco’s mills. 

iS THIS THE ANSWER ? 
If you have never used stainless bars 
or wire, would they make your prod- 
ucts more efficient or more salable? 


The American Rolling Mill Company - Middletown, Ohio 


Shipped to you in JY hours! 


Consider the excellent corrosion 
resistance of ARMCO Stainless bars 
and wire; their high tensile and yield 
strengths; their scaling resistance and 
high creep strength at elevated tem- 
peratures; their long service life and 
handsome appearance. 

Whatever products or parts you 
make, stainless steel may be the way 
to greater sales and higher profits. 

20-YEAR SPECIALISTS 
Armco Distributors can offer you the 
help of our 20-year backlog of ex- 
perience in the production of Stain- 
less Steels. Research engineers of our 


Rustless Division have closely studied 
machining practices and investigated 
cutting rates, tool materials, lubri- 
cants, and other fabricating prob- 
lems. 

You can get the benefit of this ex- 
perience — plus quick action on yout 
orders — by calling or writing your 
nearest ARMCO Stainless Bar and 
Wire Distributor. If you do not know 
him, wire or write the Rustless Divi- 
sion, The American Rolling Mill 
Company, 3406 E. Chase Street, Balti- 
more, Maryland. 


y 
~ We 


Division of 


Look First to ARMCO for Stainless Steel Bars and Wire 
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Clamp contour. Pad and patch plates are 

Marman Products Co., Inc., Ingle- fastened over leak with Marman stain- 


wood, Calif. 


Stainless steel pipe-leak clamp having 
a pad that is resistant to deterioration 
by water, gas, oil and gasoline. An an- 
nealed backing plate covers the pad and 
can be hand-formed to the desired pipe 
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less steel clamps of the continuous band 
type that have a size range from 9/16 
in. up to the maximum diameter for 
clamp. Six sizes of clamps fit all pipe 
diameters from 1% to 12 inches. 


High Frequency Voltmeter 
Alfred W. Barber Laboratories, 34-14 
Francis Lewis Blvd., Flushing, N. Y. 
Voltmeter Model 32 is claimed to 

offer better than 5 percent of full scale 

accuracy on all ranges and sinusoidal 
voltages. It measures 0.3 to 300 volts 

r-f in five ranges (3, 10, 30, 100 and 

300 volts full scale). The frequency 

range is 500 kilocycles to 500 mega- 

cycles. Input of impedance: 34 micro- 
microfarad at a Q of about 200. Power 
supply: 115 volts, 60 cycles, 30 watts. 


































































Tubes: one 


6AL5 in 
matched 6J6 and one 6X5GT recti- 


probe, two 
fier. Model 32 is of sturdy construc- 
tion, with easy-to-read meter scales. 
It measures 5% x 9% x 9% in. and 
weighs 8 pounds. 


Electrofluid Drive 


Link-Belt Co., 307 N. 


Michigan Ave., 
Chicago 1, Ill. 


Available to 20 hp., this motorized 
hydraulic combination consists of a 
general-purpose a.c. induction motor 


flange-mounted on a housing contain- 
ing a hydraulic coupling. The output 
shaft can be direct-connected to the 
driven machine or to a speed reducer 





unit. 


Each fluid coupling has a pri- 
mary and a secondary element. The 
coupling is filled with a light mineral 
oil. When the motor drives the im- 
peller, it causes oil to flow through 
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NEW MATERIALS AND PARTS. 





the runner buckets back to the im- 
peller, thereby rotating the runner 
through the medium of the oil. The 
torque of the motor is transmitted 
from impeller to runner by the fluid 
in the coupling. There is no mech- 
anical connection between the two ele- 
ments of the fluid coupling. The motor 
of the Link-Belt Electrofluid Drive 
starts at no-load, and_ accelerates 
quickly, developing torque in the fluid 
coupling until sufficient torque up to 
the maximum running torque of the 
motor is developed to start the driven 


load. 


Booster Amplifier 
David Bogen Co., Inc., 663 Broadway, 
New York 12, N.Y. 
Known as the Goso and Go12s, these 
units are capable of delivering 50 to 
125 watts respectively. Two trans- 
mitter type 807 tubes in push-pull with 
multi-stage inverse feedback provide 
high power output with excellent regu- 


lations. Response is flat within 1 db. 
from 20 to 20,000 cycles per sec. In- 
put impedance is 500,000 ohms, with 
provisions for balanced line zero level 
input. Oil-filled filter condenser, pre- 
set volume control, standby relay pro- 
vision and tube regulated screen supply 
are incorporated. The amplifiers are 
housed in welded steel cabinets. 


Air Cylinders 
Modernair Corp., Oakland, Cal. 


This non-cushion type unit has threaded 
cylinder caps that are sand cast of 
special aluminum alloy and heat-treated 
for high tensile strength and extreme 
pressure resistance. No tie-rods are 
necessary to assure positive seal be- 
tween the caps and the seamless brass 
cylinder barrel. The caps can be ro- 
tated 360 deg. on the cylinder without 
affecting the permanence of the seal. 
Aircraft-type “O” ring packings are 
used throughout the cylinder, and there 
is no metal-to-metal contact at any 
point of wear. This cylinder is pro- 


duced in a standard of 2, 21, 
3 and 4 in. diameters, and the stroke 
length is 


rosion-resistant, the 


range 


optional. Completely cor- 
can be 
The 
cylinder caps are designed to take any 
one of the following type brackets or 
combination of brackets: End _ plate, 


foot bracket, and swivel mounting. 


cylinder 


actuated by air, water, or oil. 


Thermal Cut-Out Switch 


George Ulanet Co., 413-415 
St., Newark 5, N.J 


Market 


Designed to cut off machines or ap- 
pliances and remain inoperative until 
reset, this Ulanet mica insulated unit 
is pile-constructed and corrosion pro- 
tected. Known as the “Type RM Ula- 
Snap,” the unit will cut out at any 
predetermined temperature and can be 
reset by pushing a button. The “Ula- 
Snap” is rated at 1,500 watts, 110-220 
volts a.c. and operated at temperature 
ranges of 0-150 deg. F., 0-300 deg. F., 
and 0-700 deg. F. Two mounting holes 
with 5/16 in. centers are provided for 
simplified mounting. Overall size of 
the compact unit including terminals is 


1 x 1 x 3% inches. 


Temperature Testing Instrument 


Pyrometer Service Co., 230 River Road, 
N. Arlington, N. J. 


For obtaining surface roll tempera- 
tures, this unit, known as “Roll Temp” 
is essentially a surface pyrometer with 
the indicating instrument separated 
from the thermocouple. The instru- 
ment proper is mounted permanently 


on the machine requiring tests and the 
operator handles only the thermocouple. 
The thermocouple is pressed lightly 
against the hot surface and instant 
temperature reading is obtained on the 
instrument dial. 


Booster Pump 


National Research Corp., 100 Brookline 
lue., Boston 15, Mass. 


Known as the B-6 Type 107, this unit 


is a 6in. diffusion designed to 
work at higher than ordinary pressures. 
Full speed of 1,200 cu. ft. min. 
or more, is maintained from 1.5 to 7 


microns of mercury, while at 100 


pump 


per 


s 


microns the pump is handling 240 cu. 
ft. per min. Recommended operating 
range is 0.5-300 microns and blank-off 
occurs at 0.008 microns. Construction 
is welded steel, with stainless steel 
body shell and foreline to minimize 
outgassing and corrosion. The B-6 pro- 
vides high capacity in the critical pump- 
ing range of many industrial high vac- 
uum operations and can be used in 
conjunction with a mechanical pump 
alone, or as a booster pump for other 
diffusion pumps. 


Portable Oscilloscope 
Radio Corp. of America, Camden, N. J. 
Known as the WO-79A, this unit is 


designed to achieve detailed observation 
and accurate measurement of the short, 
sharp-fronted pulses produced by tele- 
vision synchronizing and deflection cir- 
cuits, ignition systems, pulse generators, 
radar equipment, and other electronic 
devices. The major electrical compo- 
nents include calibrated horizontal and 
vertical input attenuators, high-gain 
horizontal and vertical amplifiers, 4 
synchronizing amplifier, a time-bas 05- 
cillator and seep generator, and intensi- 
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the rubber 


The Metal Hose & Tubing Company of Dover, N. J.. 
picks Perbunan for the rubber backbone of its extensive line of 
National Synthetic Hose, the “‘hose for all petroleum products.” 

Delivering fuel oil and diesel oil...dispensing gasoline from 
truck and tank...meeting hose specifications of many Army and 
Navy needs—are but a few instances where Perbunan plays an 
important helping role in the high performance demanded of 
National Synthetic Hose. 

Let our rubber technologists help you with your particular 
Tubber parts problems. Write for further information. 


For Improved Rubber Parts .. . Specify PERBUNAN! 
Resists damage from water, oil, excessive heat, abrasions and petroleum 
hydrocarbons... retains flexibility at sub-zero temperatures ! 





picked 


for 
Y fuel hose 
EScee 


Perbunan 


PERBUNAN 


REG. U.S. PAT. OFF 


THE SYNTHETIC RUBBER THAT RESISTS 
OIL, COLD. HEAT AND TIME 


Copyright 1947, Enjay Company, Inc. 


ENS AY COMPANY, INC. (Formerly Chemical Products Department, Stanco Distributors, Inc.), 26 Broadway, New York 4, N. Y. 
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NEW MATERIALS AND PARTS 


fying amplifier, low voltage and high 
voltage power supplies, and a three-inch 
high-contrast cathode-ray oscilloscope. 
The centering controls on the oscillo- 
scope permit expansion of a waveform 
under test over a distance twice the 
diameter of the screen, without causing 
visible distortion. This makes it pos- 
sible to center any portion of a complex 
wave on the screen for analysis. The 
voltage amplitude of a signal can be de- 
termined by means of a calibrated volt- 
meter built into the front panel of the 
instrument. 


Circuit Breaker 


General Electric Co., Schenectady 5, 

N.Y. 
Known as FK-439, this unit has volt- 
age ratings of 115 to 230 kv. with inter- 
rupting ratings of 2,500 mva. at 115 kv. 
and 3500 mva. at 138 to 230 v. Bush- 
ings on the breaker are the Type F de- 
sign, that provides space for two cur- 
rent transformers on each bushing and 
permits a total of twelve transformers 


per breaker. These “F” bushings are 
complete sealed and it is not necessary 
to remove the bushings to service the 
current transformers. Multi-break in- 
terrupter-type contacts of simplified 
construction are used in the FK-439. 
These contacts are: basically the same 
for all ratings. A compact parallel re- 
sistor, provides positive control of over- 
voltages which accompany interruption 
of line charging currents. 


Centrifugal Pump 


The Allis-Chalmers Mfg. Co., Milwau- 
kee, Wis. 


A cast iron bronze-fitted, pedestal-type 
centrifugal pump available in three 
sizes: IXI im. 2x2 in., and 3x3 in. 
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Capacities range from 10 to 500 gal. 
per min. at heads from 10 to 100 ft. 
with power requirements from one- 
quarter to 15 hp. The pump is fitted 
with impellers of maximum diameter, 
and variations in capacity are pro- 
vided by changes in the driven speed 
through V-belt sheaves of larger or 
smaller diameter. 


Air Motor 


Gast Manufacturing Co., Benton Har- 
bor, Mich. 


Known as the Model No. 1, this unit 
weighs 214 lb. and is 2!4 in. in diam- 
eter. By centrifugal force, four one-piece 
sliding vanes, fitted in a shaft-mounted 
rotor, slide outward in a shell, pre- 
senting their surfaces to the incoming 
air, to cause rotation. The motor starts 
in any position, will not spark, will not 
burn out due to overload or sudden 
braking. It runs under constant low 
speed without stalling. Speed varies 
from 0 to 6,000 r.p.m., and the hp. 
ranges from 0 to 1/6, 


Rotary Counter 
Durant Mfg. Co., Milwaukee 1, Wis. 


Known as the “Y” model, this unit is 
adaptable as an integral part of office 
machinery, laboratory equipment, and 
high-speed, light-duty production ma- 
chinery. The case measures 1.777 to 
3.056 in. long by 1.238 in. high by 
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1.202 in. wide; capacity 999 to 99,- 
999,999. Figures are 0.180 x 0.0999 in. 
in size, black on white background, or 
white on black background. Ratio 10:1 
or 1:1 and speed up to 2,000 r.p.m. The 
unit is finished in black wrinkle enamel. 


Neon Indicator 


Industrial Devices, Inc., 22 State Road, 
Edgewater, N. J. 


Known as “Electro-Glow,” this unit 
replaces the standard switch plate on 
push-button, lever, toggle, rotary, and 
multiple-gang switches and provides a 
pilot light or on-off indicator. The 





tubular neon bulb housed in_ the 
horizontal lamp house of the plate, is 
voltage-operated. Two flexible leads at 
the rear of the switch plate permit the 
neon lamp indicator to be connected 
either across the switch, thereby glow- 
ing when the switch is off, or across 
the circuit served by the switch and 
thus glowing for “on.” 


Fuel Pump 


Romec Pump Co., 100 Abbe Rd., Elyria, 
Ohio 


Known as Model RD-7750, this unit 
will pump up to 75 gal. per hr. with 
pressures ranging to 50 lb. per sq. in. 
Operating speeds vary to 4,000 r.p.m. A 
rotary vane type unit, flange-mounted 
and with a spline drive, this model is 
available with a by-pass valve as well as 
the relief valve. The rotor has sliding 
vanes or blades that turn within a cyl- 
inder or chamber. These blades slide 
freely in the rotor to follow the special 
contour of the pump chamber. The r0- 
tor, mounted off-center in the chamber, 
turns eccentrically and this action 
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AEROQUIP FLEXIBLE HOSE LIN ARE PART 
HEAVY MOBILE TRAVEL 


These high quality flexible lines reduce maintenance costs, eliminate 
leakage, and reduce overhaul time. They withstand heat, cold and 
vibration and eliminate the installation costs of forming and fitting 


rigid piping. Fittings are detachable and re-usable. 


AEROQUIP CORPORATION 


JACKSON, MICHIGAN 


303 WAREHAM BLDG., HAGERSTOWN, MD. © 327M &M BUILDING, HOUSTON 2 © 1709 W. 8TH ST., LOS ANGELES 14 @ 803 PENCE BUILDING, MINNEAPOUS 3 
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EXTRUDING RUBBER 


is work for Specialists 





causes the vanes to divide the chamber 
into unequal sections. The top section 
is smallest because the rotor just clears 
the chamber wall. As the section sweeps 
around, it becomes larger and creates 
a vacuum that draws the fuel in from 
the intake port. The section filled with 
fuel continues to rotate, gradually de- 
creasing its volume, and this forces the 
fuel out the discharge part. Each of 
the sections performs this sequence 
consecutively, producing a stream free 
from pulsation or vibration. The unit 
weighs 14 oz .and measures 318 x 218 


9 


x 25 in. overall. 








Induction Motor 






General Electric Co. LY: henectad . 
N.Y. 
A hollow-shaft vertical motor available 
in ratings from 1 to 500 hp. and all 
speeds and frequencies. A large oil 
reservoir, cast integral with the moto 
and shields, has sufficient capacit 

allow the oil to cool and recover bet 

being recirculated. A close-running 

between the end shield and coupling 
protects bearings and oil reservoir from 


dirt. Bearings, punchings, and wind- 































Continental’s specialization is based not 












only upon its 44 years experience, but 





also upon the development of specialized 





equipment. Rubber extrusions are becoming 
increasingly important as industries design 
their products for present and future 
markets. Whenever you have extruded 
parts to plan and purchase, why not 

have Continental’s recommendation ? 


See Our Catalog in Sweet's 


Rubber by CONTINENTAL 


Baltimore, Md BRANCHES New York, N.Y 

Boston, Mass Philadelphia, Pa 

Buffalo, N.Y Dayton, Ohio Kansas City, Mo Pittsburgh, Pa 

Chicago, lil Detroit, Mich Los Angeles, Cal Rochester, N.Y : i 

Cincinnati, Ohio Greensboro, N.C Lutz, Fla St. Louis, Mo xe igs } 
Cleveland, Ohio Hartford, Conn Memphis, Tenn San Francisco, Cal : 

Dallas, Texas Indianapolis, Ind Milwaukee, Wis Syracuse, N.Y 


CONTINENTAL RUBBER WORKS. ERIE, PENNA, U.S.A. 
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Sheet Metal 


BEAR IN GS§ 















Quick Delivery 


It is no longer necessary to put up with expensive delays 
in securing thin wall bearings and bushings. Simply call 
in Johnson Bronze. We are now in a position to furnish 
your entire requirements, made strictly to your speci- 


é ° fications in a matter of days .. . not weeks. 
ngtineers 


Ne signer 5 When you specify Johnson Bronze you are assured of 


getting top quality in every respect. We offer you a wide 
A handy file folder 


selection of materials ... rolled bronze . . . bronze-on-steel 
containing a wealth : a ; 
ss dedi sales . . . babbitt and steel. Our facilities for manufacturing 
bearing data. Write these bearings are complete . . . our help is skilled, our 


TODAY. ; 
a experience dates back forty years. 


Why not take advantage of this excellent opportunity to 






secure all your needs in top quality thin wall bearings 


without delay? Write, wire or call TODAY. 


JOHNSON @™® BRONZE 


SLEEVE 


SLEEVE BEARING BEARING HEADQUARTERS 


SERVICE 


508 S. MILL STREET Nagy NEW CASTLE, PA. 


> = ~y opey 
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S.S.WHITE FLEXIB 


LE SHAFTS 


give VERSATILITY to this 


production line 


General Gas Light Co., Kalamazoo, 
Mich., had the production problem 
of drilling many gas burner cast- 
ings of different sizes and number 
of ports. They solved it by de- 
veloping drilling machines with 
S.S.White flexible shafts as spindles. 
Close-up at right shows the spindles 
grouped for a particular casting. 
They can be quickly regrouped for 
different drilling requirements. The 
Company's productionengineer 
says, ‘Machines and spindles have 
proven out very efficiently. We 
never would have been able to meet 
our production requirements with- 
out them." 


This use of S.S.White flexible shafts 
as a drive for machine parts which 
must be adjustable in position or 
in horizontal or vertical angles, is a 
good one for machine designers to 
remember. It's a simple, efficient 
answer to this problem. 


FOR FLEXIBLE SHAFT DATA 


See our catalog in Sweet's File for 
Product Designers or write us for 
the 260-page flexible shaft handbook. 


tz : 


> . Ay ¥ 
ak i SS esaas 
| z 


BY 
yy 
¥ *? 
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Close-up of spindles grouped for drilling castings 
with 62 ports each, spaced 5 ". All 62 ports are 
drilled at one time. Drill sizes are Nos. 30 to 49 
Total ports, 434. Drilling time four minutes. 


Photos courtesy of General Gas Light Co. 


Kalamazoo, Mich. 


S.S.WHITE 


THE S. S. WHITE DENTAL MFG. = INDUSTRIAL 





Divisi 
EPT. D 10 EAST 40th ST., NEW YORK 16, N. _ 
FREXIGLE SHAFTS + PLEXIGLE SHAFT Toots " 
SMALL CUTTING AND GRINDING TOOLS « 
MOLDED RESISTORS - PLASTIC ° 


° AIRCRAFT ACCESSORIES 
SPECIAL FORMULA RUBBERS 
1 PLASTICS MOLDING 





One of Americas AAAA Industrial Enterprises 














| 


PRODUC! 


ings are cooled by a double-end ventila- 
tion system that draws in air at both 
ends of the motor and discharges it 
through openings in the stator frame. 
A protective “self-release” coupling, 
consisting of a top half-coupling keyed 
to the pump shaft and a lower half- 
coupling keyed to the motor shaft, pre- 
vents damage to the pump or motor 
caused by motor reversal. Rotor wind- 
ings in all ratings provide suitable start- 
ing torque with the low starting cur- 
rent needed for full-voltage starting. 
The hollow shaft is accurately bored 
and has ample thickness to insure 
rigidity. ‘The outside diameter of the 
rotor is accurately ground, and the 
complete rotor dynamically balanced. 


Temperature Limit Switch 


Burling Instrument Co., 251 Springfield 
Avenue, Newark, N, J. 

as the Model S-V, this unit 
has a snap-action switch rated 10 amp. 
24 volts. Total weight, including cover 


Known 





and 7! in. tube, is 9 oz. Dimensions: 
3% in. high, 21% in. wide, and 1% in. 
thick. For immersion in oil, a special 
compression tube fitting is available. 


Welding Controls 


General Electric Co., Schenectady, N.Y. 


Designed to meet the new NEMA 
standards for resistance welding con- 


trols, this unit includes combination of 
ignitron contactors and sequence-w eld 
timers, with or without electronic heat 
control, all mounted in a single cabi- 
net. Although designed for mounting 
on the right-hand side of the welding 
machine, the control cabinet can be 
placed on the floor alongside the ma- 


chine or mounted on a wall. When 


mounted on the welder it is necessary 
only to connect air, water, and p 
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elded Design Cuts Machine’s Cost 60% 






















































































| BY H. H. STAHL, DISTRICT MANAGER 
AND WELDING ENGINEER, THE 
: LINCOLN ELECTRIC CO., BOSTON, MASS. 
; 
: A striking example of a present-day trend in 
machine design is the evolution of a strawboard 
: shear machine made by Hobbs Manufacturing . 
A Co., Worcester, Mass. 
¢ Redesign of this machine for fabrication by 
© electric arc welding resulted in a machine with a 
. weight of only one-third that of the original and 
costing 60% less to produce. ° 
In the former design (see Fig. 1), the various \ 
parts of the shear were made in individual pieces P 
'd and had to be hand-fitted, drilled and bolted. All 
of these operations were eliminated by the welded 
it design (see Fig. 2), which utilizes rolled steel in 
p. standard angles and plate sizes. : y 2 | 
er ed j 
THE DESIGN PROBLEM gt t's Pe Oo 1 ee 
wi ye 
In changing over the design to welded steel ~: vy 
construction, the manufacturer analyzed the load 
requirements of the frame which consists essen- ’ 
tially of four legs acting as columns and _ braces ® ; 
acting as beams. Resistance to deflection was the FIG. 1—OLD DESIGN. This shear was made in individual pieces that had 
main consideration. to be handfitted, drilled and bolted. Line production system was impossible. 

For example, in studying the problem in light 
of the usual beam formula (see Page 496, 8th 
Edition, Lincoln Procedure Handbook), com- 
parison can be made of the size of steel angles 
needed to replace the old material. 

In simple designs such as this, however, the 
common sense formula, based on experience, 
should prevail. Sizes of members should be gov- 
erned also by uncalculable demands of han- 
dling and shipment, when the machine often 

ns! gets its roughest treatment. 

in. 
cial PRODUCTION PROCEDURE 
e. 

The simple angle iron and plate design of the 
frame (see Fig. 2) permits a standardized line 
production. Angles and plate are shear cut to 

ie size, are fitted up in a simple welded fixture and 
v. ¥. tack welded. All joints are fillets or square butts, 
MA requiring no bevelling. Tacked assembly is then 
con- placed in a positioner and finish welded . . . all 
n of joints downhand for maximum speed. A little 
weld grinding off of corner welds of top table and 
heat drilling for attachments is all the machining 
cabi- ‘ 
: that’s required. 
nting 
lding A series of Studies in Machine Design are pub- 
n be lished by The Lincoln Electric Company and 
ma- are available without charge to engineers and 
Vhen F : . ee eviaete : ‘ designers. They may be obtained by writing 
ry IG. 2—WELDED DESIGN. Hobbs engineers redesigned the shear for a é 
| oat fabrication by arc welding. The new machine costs 60% less, weighs two-thirds Tue Lincotn Evectric Company, Dept. 361, 
less end is made by line production methods. Cleveland 1, Ohio. 





Propucr ENGINEERING — Marcu, 1947 


179 

















A ROTOR 


A PISTON 


Heavy greases and/or heavy syrups — 
both difficult materials to handle — may 
be transferred efficiently and economi- 
cally with TRI-ROTOR pumps. 

Yale & Towne’s TRI-ROTOR pumps, 
installed in systems handling heavy 
greases (in almost solid form) operate 
without agitating or aerating material 
being transferred. These same model 
pumps, without modification, will han- 
dle heavy viscous and tacky corn syrups 
with equal efficiency. 

For transferring a wide variety of 
materials — from light solvents to 
heavy greases — the TRI-ROTOR pump 
assures product protection. It is the only 
modern low-pressure pump combining 
the positive handling characteristics of 
a piston pump with the high volumetric 
efficiency of a rotary pump. 

With only three moving parts (two 
pumping members), minimum operat- 


ECONOMICAL —Rotary Action 
ONLY YALE GIVES 





Model 200AXM — 


TRI-ROTOR 

This model pump, 
equipped with standard 
rotor, packing and gaskets, 
successfully handles extra 
heavy greases from com- 
pounding kettles to storage 
and shipping containers. 


A SHUTTLE 











ing and maintenance costs are assured. 

Other Exclusive features (optional 
and interchangeable) : Variable Volume 
Control (with or without Manual Flow 
Control) .. . Integral Relief or By-Pass 
Valve ... Solid Head. NEW: Pressure 
Regulator Device permits operator to 
adjust hydraulic mechanism to control 
both volumetric capacity and discharge 
pressure setting without stopping the 
unit. 

Sizes from 5 GPM to 200 GPM — 
for a wide variety of industrial applica- 
tions — see coupon below. 


~YALE~ 


Pump Division of 
THE YALE & TOWNE MFG. CO. 
Stamford, Conn., U. S. A. 
Representatives in Major Cities 


. PROTECTIVE—Piston Action... 
YOu 


BOTH IN ONE PUMP 


Wire or mail your requirements to Pump Division, 
THE YALE & TOWNE MFG. CO., 211 Henry Street, Stamford, Conn., U.S.A. 
The Yale G Towne TRI-RO1OR Pump 1s now in use pumping such proaucts as these 


(check application which interest you) 


Alcohol Fish Oil 
Caustics } Gasoline 
Chocolate Glucose 
Coolants L |] Greases 
Corn Syrup Ink 
Edible Oils Honey 


NAMI 


COMPANY 


[] Lacquer 


Zone 


Shortening 
] Silicate of Soda 
Solvents 


| Liquid Soap 
] Molasses 


] Oils C] Starch 
] Paint [} Varnish 
Propane C) Viscose 
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for a complete installation, as all in- 
terconnections between individual con- 
trols are made at the factory. The 
control station is within easy reach of 
the operator when the unit is mounted 
on the welder. By adding extension 
cable the control station can be mounted 
at the machine while the main control 
panel is located remotely. 


Dipoles 


Technical Appliance Corp., 41-06 De 

Long St., Flushing, New York 
Known as “Taco,” these dipole FM 
and television antennaes have plastic 
spreaders and mounting members. The 
standard downlead is a ribbon trans 
mission line comprising two stranded 
conductors insulated by a wide band of 
polystyrene, resulting in a loss per 
100 ft. of 0.02 db. at 10 mc., 1.25 db. 
at 50 mc., and 2.1 db. at 100 mc., with 
300 ohm surge impedance. Enamel- 
finished steel tubing is used for the 
supporting members and aluminum tub- 
ing for the dipoles. 


Valve 


Standard Instrument Co., 15 Elkins 
St., So. Boston, Mass. 


Flow control is obtained by moving 
the adjustable plunger, varying the 
length of the capillary passage contin- 
uously from 4 to 500 in. The flow of 
air and other gases can be varied over 
the range of 2 to 1,000 c.c. with a pres- 
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LLETIN 504.3 POLE size 2 TY 
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\T COUNTS! 
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HIDDEN BEHIND THE FACE 
- HERE'S THE “WORKS” OF A FEDERAL 
of your watch are over 150 precision parts—the ‘‘works” neaes aaeelely aeiane rin 
that make a watch a useful and dependable mechanism. 
7 ® * Double Break Silver Contacts © Accessible 
In FEDERAL NOARK electric products, as in the construction of Stotionary Contacts = Single Screw Moveable 
Contacts @ Heavy Arc Barriers for Strength 
ng ° ° es . ° ° ° 4 = Ball Bearings & Movable Yoke ® Non- 
ee a fine time-piece, precision is a built-in characteristic cry nN age ma ig <r 
a Bearing Action * Quick-Change Coils 
tin- e+. precision that makes for dependable performance under © Overleed Relays — Hand & Automatic 
of bs F bia Rese? * Front Mounted Accessible Heaters 
wer the most gruelling of operating conditions. 
res 











Federal Electric Products Company, Executive Offices: 50 Paris Street, Newark 5, N. J. * Plants: Hartford, Conn. * Nework, N. J. * St. Louis, Mo. 


Federal noark 


INDUSTRIAL CONTROLS 





FEDERAL ELECTRIC PRODUCTS COMPANY, MANUFACTURERS OF A COMPLETE LINE OF ELECTRICAL PRODUCTS 
INCLUDING: MOTOR CONTROLS, SAFETY SWITCHES, CIRCUIT BREAKERS, SERVICE EQUIPMENT, PANELBOARDS 
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sure drop of 15 lb. per sq. in. across 
: ' J! ‘ Boliie ‘ & ‘ the valve. Under the same conditions, 
the flow at water and other liquids can 








be varied from 0.04 to 10 c.c. per min. 
fe ag. * ; ; ae ‘sat lomaea The valves will withstand vibration and 
1 ¥ ' i mechanical abuse; they are 11/16 in. 
. square by 114 in. high and made of non- 





corrosive metals. 


ky Alternating Current Relay 


Automatic Signal Div., Eastern In- 
dustries, Inc., Last Norwalk, Conn, 





A circuit closure of 0.010 sec. operates 
this relay and as many as 10 individual 
| pairs of contacts can be accommodated. 
Coils for 115 volts, 60 cycles, and 12 
| 
| 
; 
| 


ee mond volts, 60 cycles, and pure silver con- 
eje r 0 cy 

izi acts ated 5 amp., I! 
normalizing tacts 5/32 in. dia. (rated 5 amp., 115 


furnaces during 
process of heot 

treating. Industry continually seeks to perfect the perform- 
ance of its products. That means that all parts 
must be brought up to higher and higher standards. 
It is especially important that the balls on which the bearings of in- 
dustry run shall be of the highest standard of perfection. Strom Balls, 
in their unbelievably high qualities of finish, sphericity and precision— 
developed through exclusive concentration on making fine balls for 
25 years—hold first place in American industry. Strom Steel Ball Co., 
1850 So. 54th Ave., Cicero 50, Ill. 


Sirot]] BALLS ) Serve Industry 


LARGEST INDEPENDENT AND EXCLUSIVE METAL BALL MANUFACTURER 


we a See 

































volts a.c. non-inductive) and 7/32 in. 


dia. (rated 10 amp., 115 volts a.c. non- 

inductive) are standard. Any combi- 

M nation of normally-open, normally- 

(RA closed, break-make, make-before-break, 


or break-make-before-break, can be 


UNIFORMITY |) 


Materials Tester Ir 





\ 

















‘ ' — . f 
General Electric Co., Schenectady, ‘ 
nN. F. in 
Designed to indicate the presence of J n 
voids, cracks, porosity, laminations, : 
) 


poor bonds, and other internal flaws 
in metals, plastics, and ceramics, this y 
tester sends a beam of ultrasonic waves 



























through the specimen being tested. ' 
. re! f cca .o. Changes in the amount of energy trans- 
, | ears tor every = ney are precision mitted through the specimen are an 1n- 
4 | cut to your specifications. Racks . dication of the presence and extent of 
| sprockets...spur...bevel...spiral... flaws. The tester is portable, self-con- 
' zerol... worms and worm gears. Send tained, and provides a direct reading. 
| blue prints or samples for prompt esti- esting t aot aiected by email change 
t poem nahi in dimensions or position of test pieces. 
mates y¥q y- Ihe instrument consists of a complete 
— wide-band ultra-sonic transmitting-re- 
E. B. SEWALL MANUFACTURING CO ceiving system having a high-frequency 
: Ra. generator, a crystal transducer for pro- 
696 Glendale St. St. Paul 4, Minn. ducing ultrasonic vibrations, a satisfac- A 
tory medium such as water to transmit 
P; 
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ANTO PLASTIC 











. in. 
non- 
mbi- 
ally- 
-eak, 
be 
In the past, Monsanto has often been 
tady, forced to offer you regretful apologies 
instead of the Lustron you wanted. But 
e of J now, in spite of continuing shortages in 
“st other materials, you can go ahead with 
this your production plans with certainty . . . 
weit with Lustron. 
rans- 
~ . Monsanto will manufacture approx- 
-con- | imately 80 million pounds of Lus- 
ading. tron polystyrene molding compound 
eet during 1947. That means you will 
nplete be able to get all you need of this 
pied most versatile of all plastics. 
r pro- 
aon And you can be sure that when you get 
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Lustron, you'll really be getting some- 


thing. Availability is only one of the 
compelling reasons* for making your 


brightest product plans with Lustron. 


So plan to move ahead with full speed 
and certainty in ‘47. Specify Lustron in 
your product plans. You'll be safely out 
in front! Write for complete Lustron data 
... technical information, information on 
supplies: MONSANTO CHEMICAL COM- 
PANY, Plastics Division, Springfield 2, 
Mass. In Canada, Monsanto Ltd., Montre- 
al, Toronto, Vancouver. See Monsanto at 
the National Plastics Exhibition, May 6 
through 10, Chicago, Hl, wren. neg. u.s. rer. on 









*8 More reasons for specifying Lustron: 


Rainbow range of colors, clear or opaque 





High dimensional stability 





Light weight 





Low price 





Excellent electrical properties 





Excellent resistance to moisture, acids, 
alkalies 


Finest molding qualities 








Freedom from taste and odor 





MONSANTO 


CHEMICALS ~ PLASTICS 


SERVING INDUSTRY WHICH SERVES MANKING 








QDESIGN 


IS AN IMPORTANT FACTOR OF THE 
COMPLETE FACILITIES WE OFFER 


@ Absolutely essential to the design of a molded part 
is the proper selection of material. Here, at Northwest 
Plastics we have acquired the “know-how” of designing 
through years of experience with problems involving 
dimensions and tolerances, wipe-in, tapping, inserts 
ig assembly. 


@ Today, Northwest stands ready to serve all progres- 


sive concerns interested in plastics design. Write us for 
detailed information. Address Northwest Plastics, Inc., 
2237 University Ave., St. Paul 4, Minnesota. 

Compression molding + Transfer molding « Injection molding « Modern Tool and 
Die Department « Finishing, Fabricating and Assembling Department « Laboratory 
for Development and Production Control ¢ tngineering and Product Design 


NORTHWEST PLASTICS inc. 


ST. PAUL 4, MINNESOTA PHONE NESTOR 9691 
feller ile Heli iis Se iP a, lek MICHIGAN Bivo. ¢ PHONE SUPERIOR 9109 
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WHEEL CO., i Illinois, Est. 1890 
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these vibrations, a second crystal trans- 
ducer to convert the received mechanical 
energy into electrical signals, and an 
indicator supplying information for ma- 
terials inspection or analysis. ‘To ex- 
amine regularly-shaped specimens, the 
two transducers are immersed in a 
tank containing water, and the speci- 
men inserted between them. Ultrasonic 
waves are sent through the specimen, 
and the resulting reading on the in- 
dicating instrument is compared with 
that for a specimen shown to be sound 
by X-ray, mechanical breakage, or sec- 
tioning methods. Internal flaws will 
produce measurable decreases in total 
transmission of waves through the 
specimen, and a consequent drop in the 
instrument reading. 


Solenoid 


Automatic Switch 
New York, N. Y. 


‘o., 41 East 11th St., 


~ 


Known as Model 10687, this d.c. unit 
is of the semi-iron clad type. The full 





arrangement is designed for continuous 
duty of full line voltage without the use 
of auxiliary contact and protective re- 
sistor. Solenoid has a work output of 
55 in. lb. at 1%4 in. stroke with a power 
input of 135 watts. 


Coupling 


Marman Products Co., Inc., 940 IV. 
Redondo Blvd., Inglewood, Calif. 


Designed to join beaded ducts, this 
coupling is adaptable to high tempera- 
ture and high-pressures. Channel-band 
type couplings can be supplied as com- 
plete circular couplings, in segmented 
sections for small diameters, and in 
odd shapes such as ellipses and rect- 
angles. These couplings are available 
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“KNOW-HOW” IS IN THE PACKAGE, TOO! 





A Federal Ball Bearing’s long, friction-free life is equal to 30 years of living with bearing problems—manufacture 
the sum of these parts: and application both—will be brought to bear in solving 
1. Balls uniformly spherical within .000025”...not vary- your particular bearing need when you consult Federal. And 
ing in diameter more than .00005” in any bearing. Federal can draw upon its complete line of ball bearings—in 
2. Through-hardened races concentric with each other to —_ every range and size—to suit your requirements. 
prevent run-out—whatever the r.p.m. Now is a good time to get acquainted with our representa- 
. Sides of rings parallel to each other and the ball track. _ tive nearest to you. 


im CO 


. Ball tracks ground to chatter-free finish and just the 


right radius. THE FEDERAL BEARINGS CO., INC. - POUGHKEEPSIE, NEW YORK 


Makers I Sine Ball Bearings 


REPRESENTATIVES 


5. Bores cylindrical, not tapered or bellmouthed. 
Add to these the vital “component”’—Federal engi- _ 


neering “know-how —which goes into every bearing ' er : 
Tings © ‘ . © Yetroit: 2640 Book Tower—26 « Cleveland: 402 Swetland Building—1 


assembly—and you complete this precision package. Chicago: 8 S. Michigan Ave.—3+ Los Angeles: 5410 Wilshire Blvd 





FEDERAL BALL BEARINGS 


ONE OF AMERICA'S LEADING BALL BEARING MANUFACTURERS 
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flijil ...CUT TO THE 


PRECISION OF METAL! 





Die-cutting of felt parts is a precision 
job at Booth... often to tolerances 
usually associated only with metal. 
Every order, big or little, is given 
interested and immediate attention. 
You receive only precision-cut felts of 
uniform quality and stamina. We in- 
vite your test of Booth Felt Economy. 
* 


APPLICATION CHART AND 
SAMPLE KIT ... contains swatches 
of S.A.E. felt types, with specife 
cation tables. Write for it. (Ne 
sales follow-up.) 


~HE BOOTH FELT COMPANY 


475 19th Street Brooklyn 15, N. Y. 
736 Sherman Screex Chicago 5, LIL 
2318 






Teaoe mane 


PRECISION CUT 


FELT PARTS 
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in stainless steel and aluminum alloy 
and can be provided with single or 
multiple take-up latches. Quick dis- 
connect provisions can also be fur- 


nished. 


Hydraulic Pump 


Gerotor May Corp., Baltimore, Md. 


Known as Type QH, this unit is de- 
signed for operating pressures to 1,500 
lb. per sq. in. intermittent or 1,200 lb. 
per sq. in. continuous. The QH series 
is available in capacities of 3, 5, 8 and 


12 gal. per min. for plain base or flange 





mounting. Standard design speed for 
the QH pump is 1,200 r.p.m. but appli- 
cations at other speeds are practical. 
Standard rotation is clockwise facing 
the shaft end, with counter-clockwise 
rotation available if required. For best 
pump operation, hydraulic oils with vis- 
cosity between 250 and 330 S.S.U. at 
100 deg. F. are recommended. 


Vacuum Condenser 


Amperex Electronic Corp., 25 Washing- 
ton St., Brooklyn, N. Y. 


Known as VC-50, this unit is rated 30,- 
000 volts maximum peak voltage and 
has a capacitance of 50 micro micro 
farads. Maximum RMS current rat- 
ings of 65 amp. at 10 mc. and 40 amp. 
at 60 mc. are based on a maximum glass 
to metal seal temperature of 150 deg. 
C. Internal losses are largely ohmic 





‘are responsible for design, production, 











No — this man hasn't discovered who 
murdered the butler and stuffed his body 
in the bath-tub. 


He's reading an advertisement in THIS 
magazine! He has his eye on a product 
that promises the answer to a brand new 
problem he’s been sweating over. 


Exaggerated? Nort a bit! For the ad- 
vertising pages of every McGraw-Hill 
publication are replete with ideas, prod- 
ucts, services designed for the men who 


maintenance, marketing — every specific 
operational phase of modern business and 
industry. 


Month after month America’s leading 
manufacturers are parading their newest 
and best wares before your eyes in THIS 
McGraw-Hill magazine. You re the judge 
and jury as to whether they can solve a 
problem—offer a short-cut—show a profit 

for you. 


To keep in touch with 
the parade - - - - - - 
READ THE ADS. | 


j 
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—the Red Elastic Collar provides 
dependable locking torque for RE-USE! 


Army and Navy specifications for aircraft 


lock nuts include a specific torque test to 
prove locking effectiveness. Lock nuts 
have to maintain adequate locking torque 
through 15 on-and-off cycles. 

ESNA Elastic Stop Nuts— with the Red 
Elastic Collar that has become a symbol 
of security to all aviation engineers — 
remain self-locking against Vibration, 
Impact and Stress Reversal in both pre- 
stressed and positioned settings. 

In addition, the self-locking, self-sealing 
and reusable Red Elastic Collar protects 
the bolt. It does not deform the bolt, 
damage the threads or gall the finish. 


Reusable ESNA Elastic Stop Nuts 
provide dependable protection against 
Vibration, Thread Corrosion, Thread 
Failure, and Liquid Seepage. This multi- 
ple protection — which has made Elastic 
Stop Nuts the standard fastener on many 
products—also achieves the double 
economy of inventory simplification 
and reduced procurement costs. ESNA 
engineers are now ready to study your 
fastener problems. Address: Elastic Stop 
Nut Corporation of America, Union, 
New Jersey. Sales Engineers and 
Distributors are conveniently 


located in many principal cities. 


ELASTIC STOP NUTS 


INTERNAL 
WRENCHING 
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The RED ELASTIC COLLAR 


Genoting oar ESNA c 

. is threadless and dependably 
elastic. Every bolt — regardless of 
commercial tolerances — impresses 
(does not cut) its full thread contact 
in the Red Elastic Collar to fully 
grip the bolt threads. In addition, 
this threading action properly seats 
the metal threads — and eliminates 
all axial play between bolt and nut 
threads. 


Torque tests— for Elastic Stop 
Nuts — are based on a steel-to-steel 
frictional coefficient of .18. Bolt 
loadings are figured at 40,000 psi 
for commercial bolts; 90,000 psi for 
aircraft bolts. 








ANCHOR ii: WING SPLINE CLINCH GANG CAP 
= » CHANNEL 


">RODUCTS OF: ELASTIC STOP NUT CORPORATION OF AMERICA 
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A Wealth of Information 
in One Compact Volume 




















MANUFACTURING 
PROCESSES 


SECOND EDITION 











By MYRON L. BEGEMAN 


Professor of Mechanical Engineering, 
Superintendent of Engineering Shop 
Laboratories, University of Texas 


A compact, thorough treatise on tools and 
processes, revised and expanded to include 
up-to-date informayén on new develop- 
ments and methods growing out of wartime 
research and practice. 


The new material includes recent develop- 
ments in Powder Metallurgy, Hot and Cold 
Forming of Metals, and Plastic Molding. 
There are also extensive discussions of new 
casting methods such as Centrifugal Cast- 
ing, “Lost Wax’ process and _ others. 
Broader coverage is given to the subjects 
of Arc Welding, Gas Cutting, Brazing and 
Soldering, including consideration of new 
processes and equipment such as Gas- 
Shielded Arc Welding. Also included is 
more information on new tools and tool 
materials, discussed in connection with the 
machines that use them. 


Contents: Foundry Practice; Pattern Work; 
Metal Casting; Special Casting Methods; Plastic 
Molding; Heat Treatment of Steel; Powder 
Metallurgy; Welding and Allied Processes ; Hot 
Forming of Metals; Cold Forming of Metals; 
Inspection— Measuring Instruments and Gages; 
Lathes and Lathe Tools; Threads and Thread 
Cutting; Shapers and Planers; Drilling and Bor- 
ing; Machines; Milling Machines and Cutters; 
Gears and Gear-Cutting Machines; Metal Sawing: 
Broaching Machines and Tools; Turret and Auto- 
matic Lathes; Abrasives, Grinding Wheels, and 
Grinding Machines. 








1947 626 Pages $5.00 
ON APPROVAL COUPON 
John Wiley & Sons, Inc. | PE-3-47 


440 Fourth Avenue, New York 16, N. Y. 


Please send me a copy of Begeman's MANU- 
FACTURING PROCESSES on ten days’ ap- 
proval. If | desire to keep the book, ! will 
remit $5.00 plus postage; otherwise | will 
return the book postpaid. 


Name 
Address 


City . .. State 


“(Not valid outside U. S$.) 
| TR tr SRE 








188 





| 





and decrease as the frequency decreases. 
The voltage reaches the maximum al- 
lowable peak voltage rating of 30 kv. 
at 10 mc. At frequencies lower than 
10 mc., the peak voltage becomes the 
limiting factor. The condenser can be 
used at lower frequencies provided the 
peak voltage rating is observed. Maxi- 
mum overall dimensions of the VC-50 
vacuum condenser are: Length 6.6 in., 
dia. 2.5 inches. 


Heater Bricks 


General Ceramics and Steatite Corp., 
Keasbey, N. J. 
These bricks are available in four colors 
with all exposed surfaces highly glazed. 
All corners are smoothly rounded and 
grooves and nubs allow for expansion 
and contraction of the heater coil. 





Midget Control Crystal 
North American Philips Co., 


Inc., 
E. 42nd St., New York 17, N. Y. 


100 


This unit controls the frequency of di- 
electric heating and similar installa- 
tions. Measuring less than 54 in. in 
diameter and less than 1% in. in 
length, this quartz crystal assembly has 
a pin-type terminal at each end that 
is tinned for soldering into the circuit. 
Frequency of the midget oscillator is 
fixed to coincide with values assigned 
by the F. C. C. for dielectric heating 


apparatus. 


Vacuum Condensers 


Raytheon Mfg. Co., 
Waltham, Mass. 


Power Tube Div., 
Known as the RC100-20, this unit has 
silver-plated copper contact terminals, 
large diameter copper-to-glass seals, 
and a multi-plate assembly that is 
brazed into a single unit. The nickel 
plates are assembled with silver-plated 
copper spacers brazed between them, 
hence there are no audio frequency- 
mechanical resonances in the condenser 
to interfere with their operation in 
high voltage plate-modulated tank cir- 
cuits. The terminals 


copper 


provide 
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Excellent machining qualities often 
make magnesium castings cost less 
than those of the more common met- 
als, even though the original cost of 
magnesium may be slightly higher. 
So if your product requires high 
strength, light weight, resistance to 
shock, and good machinability— in- 
vestigate magnesium! It may solve 
your problems at equal or less cost! 
Our design engineers and metallur- 
gists will be glad to discuss your spe- 
cific problems. 


SEND FOR THIS 
INTERESTING FOLDER 


oa G = 


ee Re 
St ie 


eee 


< ‘ 





We have prepared an informative 
story on our production facilities, and 
shall be pleased to send you a copy 
upon request. 


UTICA RADIATOR 
CORPORATION 


UTICA 2, N.Y. 


Manufacturers of 


MAGNESIUM, ALUMINUM, GRAY IRON CASTINGS 
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frames by 


. . » AND <@jj> FINDS ZAPON FINISHES GIVE THAT QUALITY! 


Well-known “Jemco” frames are 
on many of the finest handbag 
creations — a preference based on 
quality, design and finish. 


ZAPON finishes are used by The 
J. E. Mergott Company, world’s 
largest handbag frame manufac- 
turer, to enhance and protect the 
high quality and beauty built into 
their products. ZAPON’s modern 
finishes help give bright, smart gold 
and silver effects that Jast under 


the abuse a handbag must take. 


Working with “Jemco”’, ZAPON 
solves finish problems to provide 
quality and effect production econ- 
omy. Whatever it may be — a 
household appliance, industrial 
product or any product requiring 
a finish — the same kind of co- 
Operation between your designer 
and finisher and ZAPON’s finish 
technicians will help make your 
product better at lower cost. 


ZAPON DIVISION 


ATLAS POWDER COMPANY 
Complete Manufacturing . .. Research . . . Sales 


Stamford, Conn. 


North Chicago, Ill. 


SPECIALIZED PRODUCTION FINISHES ... Docng “Jomorroc’s Job “Joday/ 
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FOR YOU HAVING MACHINE PROB- 
LEMS: Full staff of competent Engineers 


and complete manufacturing facilities 
are available to you. We follow through 
for you from idea to finished product— 
Design—Engineer— Build! 

Special equipment problems are 
solved daily for leading plants. We now 
offer these sume services and believe we 
can help. 

Won't you submit to us your problems 
on Design and Engineering and let us 
help you? Write today and your letter 
will receive prompt attention. 


CB 
WV 


ENGINEERING COMPANY 


llth & Lehigh, Phila. 33, Pa. 
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For Readers Of 
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high heat conductivity so that heat 
generated in the condenser can be con- 
ducted through the terminals and dissi- 
pated in the associated circuit elements. 
The vacuum condenser has a capaci- 
tance of 100 uuf, and is designed for 
high voltage applications in tank cir- 
cuits, and in plate blocking or plate 
by-passing functions. 


Vibration Mountings 
Lord Mfg. Co., Erie, Pa. 


Known as “multiplane,” these mount- 
ings are claimed to isolate vibration re- 
gardless of the direction of the disturb- 





ing forces. The principle of rubber-in- 
shear is utilized to secure equal softness 
in all planes. The mountings are recom- 
mended for protection of equipment ex- 
posed to vibration of indeterminate na- 
tures. 


Service Fittings 


National Electric Products Corp., 
Chamber of Commerce Bldg., Pitts- 
burgh, Pa. 


Unit No. 7903, with its standard duplex 
T-slot receptacle, is used for high po- 
tential light and power wiring. Low po- 
tential wiring is serviced with fitting 





No. 7904. Both models are component 
parts for the Nepcoduct underfloor wir- 
ing distribution system. The fittings are 
stamped from heavy brass and either 
model is quickly wired and assembled 
with a single screw through the hous- 
ing top. No. 7903 can be furnished w'th 
3-pole twist-lock receptacles instead of 
standard duplex, when specified. Wir- 
ing issues from No. 7904 through a 
rounded composition bushing. 


Alarm Thermostat 


General Electric Co., Schenectady 5, 
N.Y. 


Designed to protect frozen-food cab- 
inets by warning of any failure before 
defrosting, this unit is wired to a 
visual signal system, usually a light 
or an electric clock. It gives an im- 
mediate signal when a power failure 
occurs and a delayed signal when the 
failure is in the freezing unit. The 
thermostat has a contact at the end 
of a_ temperature-sensitive bimetal 
strip. This contact remains closed at 
low temperatures and opens when the 
temperature rises, issuing a signal of 
warning. The opening temperature 
can be set at any level. 


Diaphragm Motor 


Conoflow Corp., 2100 Arch St., Phila- 
delphia 3, Pa. 


Known as the Conomotor, this unit 
transforms a hand-operated valve into 
a throttling valve for use with pneu- 
matic control instruments. By replac- 





ing the spring of the conventional 
motor with a static pressure loading 
system and utilizing a special Cono- 
Moore valve positioner, the power out- 
put is increased. The springless Cono- 
motor is claimed to be more powerful 
and versatile than a standard spring 
and diaphragm pneumatic motor. 


Propucr ENGINEERING — Marcu, 1947 








